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THEGIBSON SATELLITE NAVIGATOR MANUAL 


A complete guide to designing a ground mounting system for your 
TVRO/ARO antenna system plus construction details on mechanical and 
computer driven antenna mounting systems for automating the satellite- 
changing function of your terminal system. 
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THE COVER - Stephen Gibson of Los Angeles, California epitomizes the true private satellite 
terminal enthusiast, Gibson's terminal was assembled utilizing a surplus dish antenna plus а 
commercial LNA and luneable receiver. His background in computer system design and 
programming plus his interest in celestial navigalion and automated systems all comes 


together in this STT manual to provide the user with a complete guide ta his own ТУНО/АВО 
antenna mounting and conlrol system. Gibson's current project is ір program his TRS-80 
computer so that It will cause his TYRO receiver to go into a “scan mode' by which he can (ell 
the computer ta find for him automatically the first satellite TV carrier which is carrying the 
latest stock market (etc. ) reports! 


This manual has been produced and is being distributed by Salellite Television Technolagy. P. О. Box 2476, Мара, СА 94558, Тһе 
price is $30 per сору and this includes the expressed permission of author Stephen Gibson Io all buyers of ihis manual to utilize any cf 
the electronic circuits or computer programs contained herein for private applications. Commercial distribution of electronic circuits 
(as boards, kits or wired and tested units) or of the computer programís) in 1his manual is reserved by Stephen Gibson. 


Copying This Manual - This Manual is copyrighted 1980 © by Stephen Gibson and Satellite Television Tec nology. This simply 
means that you are not authorized (о slide any portion (or all!) of this manual into your handy-dandy off ce copying machine and гил 
off 1 or several hundred copies for friends who are basically too cheap to invest their own money in their own manual, Like all STT 
manuals, The Gibson Satellite Navigator is the culmination of years of study and work by the aulhor.He is willing 10 share his 
knowledge and experience with you for a modest fee approximating what you might pay for a coup e of college level course credits п 
the local college. Considering that the material in this manual will increase the usefulness of your TYRO; АВО terminal ter fold or 
more, and that by employing the mechanical designs contained herein you can save yourself hundreds of dollars in your own 
terminal mounting and control system, we suggest that you are doing the 'right thing’ by hiding this таппа! away from free-load ng 
friends, NOTE that each original purchaser of this manual is entilled to a nominal charge geostationary г Clarke orbit azimutn and 
elevation pointing chart customized to your own location; a service which costs as much as $7.50 from other sources commonly 
available in this field. Also nate that this manual includes a special cut-out set of navigation tools: the STT Inclinameter and the STT 
Sun Compass. These are tools which you can employ to make your own use of ‘satellite navigation’ more productive and expert. 


CONTACTING STT: For additional copies of this Manual ($30.00 each) or for a complete list of more than six Manuals currently 
available, or for information regarding a subscription to ihe monthly ‘journal of the private satellite terminal industry (Coop's 
SATELLITE DIGEST}, you may contact. STY (Satellite Television Technolagy) at P. О. Box G. Arcadia, Ох arora 73007 
(405/396-2574). 
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Perbaps tne most exciting sarl of getting your р" vate TYRO 
warking wit be tne moment you йге! receive tha: signa from 
space. 11 is a ways a IPril to swing the dish around, apply 
power to your rezeiver and fine tune the dish pointing angles in 
anticipation af that moment when ihe blast! of srow and 
S5àarklics on the screer disappear and а high оцащу TV picture 
PEGS irto view. I: s almost magical bul certainly а tesling ot 
Uiumph їз Fave singiebandecly traught many sisces of 
ir^ormation anc eagaipmernl ішдеілег lo receive signals tnat 
have traveled more than 52,000 miles 10 reach you. 

For some, this mameni is а lang time coming and others it 
ıs a piece GÎ cake. А Ict of variables control now опа 11 will take 
you 12 find a satellite. make the picture acceptable anc stay 
locked-or asa! were to the даос signal you've labored so long 
and hard to get. Part of your Success is in knowing some cf the 
"uricks of {Ре trade’ if you can са! them tricks. They mere 
probably shou d be called ‘rules to follow’ for success. Not 
much is wrifter ir the form of practical advice. Mayke we ean 
dis2el some of the canfusior and show you by example how 
simple same elemertal facts are and where 16 be extra careful 
te avoid cisappeintmnent and aggravalion 

Acquisition of Signal or 40S as NASA calls i! can be as 
simple as leanirg your dish against a convenient saw horse or 
t6 the extreme of punching courdinates into a computer to 
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automatically find the satellite. Surprisingly ضورع‎ the 
methods you follow то that рвіпі may be identical. The only 
difference belweer the two is a measure of canstancy, 
repeatability and the |, те you wish lo spend. You car certainly 
becortentta lear the aish against Іле house ога chi'd's swing 
set you baught at a swap meet. But you may saon want to find 
other sa:e lites 11:88 much as programming is now morc than 
ever beirg spread out on several birds. 

Even staying опа 5. ile sate, lite is nol without prob.ems. 
The weather wil work against you. Your Saw horse mount is 
fing untı the fiest breeze cames alorg. Dishes are grear sails. А 
whiff of air and the Ihirg moves ar inch perhaps. Мо" much ta 
worry aboul wilh your 107 зл. Two inches though and the 
signal is gone! We're back 10 that measure of constancy as а 
factor you лау need to consider as you build your station, 

You can easily start with a saw horse or nearby tree as a 
Munut ard move оп tasomethirg more stable 10 bea! the wird. 
Even add motors to give yourself that e ement а! repeatability 
we talked aD3ul $0 you can ‘ind ether satellites and return to 
їнет again and again. In *act a computer interface complete 
with all the bells and whistles is easily attainable, It's all a 
waiter à! convenience and will-igness fo eitner live with 
annoying problems or salve Ihem, So let's solve a few! 


POINTING YOUR DISH 
For many, dish pointing is an art. И doesn't have to be in 
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STT INCLINOMETER [see text and page 47 this Manual] makes a quick and inexpensive way to measure antenna elevation, More 
elaborate inclinometers аге on sale at SEARS. Wards and engineering supply lirms. 


as much as simple principles сап be applied to achieve success. 
It should go withoul saying that you musl have a clear view of 
the geostationary satellite belt or at least the general area of 
the sky you think the satellite you want is located. Pa-nling a 
dish in that direction and then moving it up and down or left 
and righi may seem like a qood idea at first, but unless you are 
усғу lucky you may change your mind after several hours of 
fiddiing. 

Let's say that you have a rabbit's loot in your pocket and 
chance to have your receiver luned to a working transponder 
and low and hehold...viala...a picture! Al this paint it would be 
a good idea to check the tilt angle the dish is siluated al and 
perhaps it's horizontal position зо you can get it back’ if a wind 
comes up or if you stumble over the coax running to tell anyone 
who will listen and look at whal you ve done! 

You can paste Ihe STT cut-out inclinometer in the back at 
this manual onto a stiff piece of cardboard or wood and use it 
with a weighted string or wire pointer 10 get a vertical angle. 
Angle brackets from the hardware stare can be used lo Mount ıt 
to the antenna with sheet metal screws. Use metal washers аз 
shims to align the inclinometer. 

A good reference for the horizontal angle or azimuth can 
be any landmark or even stakes driven inte the ground. A 
better reference would be True North. You can establish a line 
bearing true north from the Norihern sky Star map tn appendix 


A which will help you find the paie star Or vou can use a 
compass to find a magnetic hearing. Just be sure to take your 
readings away from any métal, Use the Generalized Magretic 
Variation Chart п appendix В to find True North with a 
compass. 


X MARKS THE SPOT 

Thisisaqooc place ч: explain briefly what coordinates are 
ard how we use them ta bnd the birds. So before giving any 
"nore attentor skyward, lels doa Пе ground work. Ihis is 
easy stuff and very "nporiant if we are ever дога to find a 
satellite with any measure of certainty. 

To tind a point оп а map, we need ta know only it’s 
distance. from a horizontal reference point and a vertical 
reference рогп*. 1% we draw a horizontal line and a vertical line 
from the reference paints, we've easily found a way to describe 
the location we seek where the two lines meet. The lines we 
Craw are called meridians and knowing where to draw the lines 
is simply a matler of measuring the horizontal and vertical 
distances ‘rom the reference points or meridians. The 
reference meridians on a тар are sometimes seen as faint 
ver cal and horizontal lines as seen іг ligure. 

Meridians are rneasured in degrees from the reference 
points. If we need to specify fractions of a degree, we break 1! 
ир irto minules. One degree has 60 minutes init. And ۹ 


STT INCLINOMETER -glue to piece of cardboard or wood; use 
metal brackets to hang on antenna. Washers under bracket will 
shim; use carpenter's level to align [see page 47 al rear ot 
Manual. 
of a minute are measured in seconds. 60 seconds equal one 
minute. 

The locatian of Ihe vertical reference point is anywhere 
along the equalor seen in figure 2. Everyone thinks of the 
equator as a horizontal reference ling and indeed it is. Ви! we 
wani to һауе а place to measure distances north and sauth and 
the equator is a dandy spot because il sin the middle. Points of 
latitude are found north or south of the equator from zeru 
degrees (at the equator) to 90 degrees (at the poles). The way 
we know ifa point is in the northern or southern hemisphere of 
the earth is to simply specify North ar South. Hollywood. 
California is located at a point abuul 34 degrees north of ‘he 
equator seen in figure 3. 

You may be wandering how we got around 10 thinking of 
degrees as lines instead of angles. Vell. they are still angles 
alright, but the angles are measured from a point in the verter 
oí the earth. 

The horizantal meridians are also measured in argutar 
degrees from the center of Ihe earth, They arecatled degrees of 
longitude and instead of being measured north and south in the 
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CALCULATE your coordinates by starting ai a marked 
meridian [see text] and calculating distance fram meridian to 
your spol on earih. 


000۰ پی< 


STT INCLINOMETER - A weighted strong or à stiff wire hung 
from 'ihumbtack' makes a simple angle-indicator. 


case of latitude, they are measured Cas: and west Ihe 
reference poirt for zero degrees longitude is in Greenwich. 
England. New Огїеалз 15 90 degrees west о! Greenwich while 
Home, Italy is about 12 degrees east of Greenw ch; figure 4. 

While degrees of latitude will never meel because they 
stop at 90 degrees at opposite pales, degrees of longitude do 
тесі on Ine opposite side af Ihe earth from Greenwich at 180 
cegrees. It's the International date lire and all af it is in the 
ocean so no але is affected by the possibility of being 180 east 
and 180 wesl ai the same time. 

To find the position of any place on the earth, we must 
know both the latitude and longitude coordinates of that place. 
$1. Louis. Missouri is located 38 degrees, 38 minutes north 
latitude and 90 degrees, 12 minutes west longitude in ligure 5۰ 


FINDING YOUR POSITION 

То find a satell:te, we are going to have to know where 
your tocafion is аз well as that of the satellite, Armed wilh both 
of these bits of positiona: information. we can easily calculate 
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Nor!h - 90° 
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Equator - 0° 
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Ihe angles we'd пеес te paint the dish to receive il. 

To lind your coordinates. call your country surveyor or the 
local airport Flight maps of your area will have marked 
meridian coordinates along the edge. All you have tà Go is 
measure with a ruler and interpolate to obtain accuracy to the 
nearest minute. Your local library reference desk wou:d also 
have that information. 

На TV or radio tower is nearby, you can cal tne station 
and ask for their tower coordinates in as much as they must be 
on tile with the FCC. The coordinates are fo" the tower itseif 
and nol necessarily the sludia. Another method, if you happen 
to be in the United States, is to find a copy of Longitudes and 
Latitudes in the US published by the American Federation ot 
Astrologers, #6 Library Ct., SE, Washington, D.C, 20003. 

Probably your best bet is to buy a quadrangle map from a 
slationary or map store if you have one in your city. The 
governmeni sells them tou. Buy your maps at the local office of 
the Department af the Interior. They are much cheaper there. 
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Greenwich, 
^ England 


FIGURE 4 


Use a ruler as a guide and measure Fram the edge to your 
lazation an both the vertical and horizontal plane, Ther use 
$ mple proportion to conver! the scale ir degrees on your map 
to Scale or your ruler and add Ihe values lo get your true 
location, 

А typical cuadrangle map covers 7 minutes 30 seconcs 
‘you Tight finda 15 м. nute map lor sparsely gooulated areas) 
А typ cal length ar width tor these maps та! be (in small 
ur 15} 315mm. If you s mply measure from the right edge to 
your poirl aru find far example that the distance is 195mm, 
theu yov carr plug into this forrriula and know the distance ІП 
secor-ds wiih very good accuracy: 


length ої тар іп degrees = 7 min 30 sec or 490506: 
length ot sidein mm = 315mm 
distance measured to joint — 105mm 


50. ..3* Sim 450 sec :: 105mm: X sec 
450x'05 


— 


315 


> 150sec = 2 тіп 30 sec 


We then ADD this amountto tne longitude along the right 
edge af {Ге maa. Likewise, we perform the same calculatian for 
lat tude making sure to measure from the side of the map with 
the lower value, If you musi make a measurement fram the 
higher valuc side, ос sure 10 subtract the number you get fram 
the higF€r value. 


SATELLITE COORDINATES 

Geosynchronous satellites have coordinate ocations too 
They are easy to [ird because as you well may «ло they 
appear lo stand still at a single spot ir the sky. Without 
resarting та celestial coordinate systems. we can say that all 
geosynchronous satellites have a latitude of zere because they 
are lacated d rectly above the en.ator seen in figure 7 
Remember ‘he equator 15 zero degrees latitude. 

Let's make-believe that a satellite were to drop straiqh* 
down cut of the sky. It would land somewhere along the 
equater, Wve could still Юсай what was lefl 01:11:11 we knew the 
longitude of the satellite ( t's angle east or west cf Greenw ch. 
Епдіапе). Satcor | would plau ігір the Pacii c Ocean on the 
equatcr at a point 135 degrees west of Greenwich. 

Crashing Satcom | into the Pacific would cause us to lose a 
101 of nifty oragrarmiminc. So we'd betle’ leave it up there ard 


Page 8 ———— 


TOPO MAP 


315 mm 
or7'30'' 


-e-r 
is^ ` 105mm 
0۲25 


Note: Wes! longlitudeis 
measured trom righ: 
side of map. 
Measure fram left 
side i* located at 
eastern longtitudes. 
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60۲۰٣ 
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Ме” dian 
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RCA stock would also take a nose dive. FIGURE 8 


lirk only uf ihe glace where it might d'op аз а location we zall 
а Sub-poinl ине spo: * аб! апйсгасагч the заеНиег The: 
etitude ol Satcom l'a 84) point is stil! zero degrees ard the 
гог Sh 135degrees wesi. Hy the way, the longitude ct 
ذذ‎ ноге seiclhtesis in :Perear o? tnis Man Jai. 

Knowing our location зп: the location of а sac2'lite' s 
Sab сини! s abort the oily dala neecod 10 caloeaqiate arrenaa 
bearings. Stil. we need seme kind a! graduated 12۴٣ to 
poirt the 2151, As wit cocrdirates, we use degrees of 
elevat'on and әгісінігі as disp poarntirg angles. Беуаһоп s 
measured from the ‘econ at zero degrees үл 10 и poirt 
a rectly over your Нан сагол the Zerith at 97 cegrecs seer ‘n 
ligure 8 

We simply till thec sh L2 tothe aleval or of cach satellite 
Аз owe vo said before the alevator is deperdent on your 
res honrglat ve totha satel te Mowe ast happen to са саг 
al tne 53:2 111675 sub за 1۱۱ Iner the elceation cl بات‎ dix 
ne Эй degrees. direst'y overtiead. ۴۲3۲ of іле satellites we 
пс п Korth Amernce however wil be al 
clovatig1 rarcging ‘rom 12 to 58 cegrees. 

The azimuth angle is like a circle a: is the horizontal 
direction we ust point the dish ta receive васп зави“ as 
seen ir figure 9. Шиїга rorth as zero degrees, we tira 
zlcckwiae cast ваз! #1 80 degrees 10 south аі 180 сесгеев ant! 
37018 20 west al 270 degrees and tack te north. 


0۴۰ 


یش ما 
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07 Latitude 


FIGURE? 


Most nl lhe salellites you receive in North America will جج‎ 
at астым angles ranging from 106 to 250 degrees. That ! 
мигяброп 9; tia paint slightly south of eas: апе on around ва i 
point aculh af west, We've got more than 160 degrees here т 
pay with and баг accuracy at pointing тисті suffer more than 
wih the elevation ang e MGasuremerts where ine force of 
gravity keeps our cu!-i J1 STT inclinometer pointer true. To get 
å tetter Fardle on references. we should try ta get more thar 
ore North and Scuth are haady anc we will try later ta 
accuralely determire botn Their positions. Knew 19 reference 
ua 7:5 апа how to use ‘Пет can таке us pretty dangerous in 
the dish peir ting departmenl 

In North America уги сэп receive most of the sateilites on 
your side of the earth [ you have a clear view of the soLthern 
any. Theeis alilt e'gotcna' buillinto that phrase “тов! af Ibe 
salellitea . Resides the obvious problems cf trees, buildings 
ang ‘errastrial interference, you have the problem of the 
natural cc*va:ure of the carth putting a Finite limit on the 
namber cf satellites you can see. It works aul to 81 angular 
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FIGURE 9A 


deg'"ees or St between you and іле sa:ellite sub-point as oeing 
the limit of yourrcach as seen ir ligure ten. Anything 5:٤۸3 із 
he ow you horizon. |: fa laws ther И your latitude is greater 
Ian 87 degrees, you've got a prob erm seeing ary Satelliles at 
all! 


Certer ot the Earth 


Missed t | 
(Гог journeys, see ураг наче агч! 


Satellite 


FIGURE 10 


PLUG-IN FORMULAS CAN DO THE WORK 

From ihe foregoing we see that уси must Nace 2 
adjustments to your antenna to receve а satelite that’s visible 
from your location. The sc called ‘vertica! tilt ano the 
‘horizontal twist’ are about ai: that's necessary and i5 wholly 
deaeadent on your locaticn coordinates and those 05 the 
satellite. Calculating antenna pcinting argles for your ocatian 
is rot toc difficult if you own a calculator. 

No matter how cheap your calcu ater 5, if it can do trig 
functions isin. cos and the like), thea yau can use it ic get exact 
dish pointing info. And you could even get arGund bat i^ you 
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South 


Antenna Azimuth Ang e 


Nerin "rue оса FIGURE SB 


happen to hava à book of trig tables! 

A number 0! very quod arlicles have beer writlen on 
calculating satellile bearings Аг excel ertarticle orn tha exact 
detaiis appeared in Ihe May 1978 issue of Ham Radio magazine 
by satellite pioneer М. Paul Shuch. You can probably reac a 
Copy a: а local library сг send $1.00 anc a SASE to Mic"ocomm, 
14908 Sandy Lane, Sar sase, California for а reprint û" the 
article. 


PROGRAMMABLE CALCULATOR makes satellite bearing 
calculations a snap. Sut you will find il even easier 10 send your 
coordinates to the STT COMPUTER for a customized chart lor 
your location [see раде 46|. 


Ham Radio March 1980 a so had an article a опа w th an 
НР-29С calculator program. Anc Bill Johaston wrote in OST 
magazine ‘or March 1978 а simple method 10 ca culate 
oearircs waich we have canverles to a bsefu. compute: 
program witha 8۹۱۵۷۱۱۱۱۶۷ lozalian dala base 


LET CALCULATIN' ENGINES ОО THE WORK! 

Written for the papular TRS-80 computer, this program 
willrLn on nearly any micre supported оу a stiff basic. Lines 10 
- 200 daa graphic thingy cn іле TRS 80 screen. Pay particular 
atten'ian 16 the needed down arraws or the tops of lines 120, 
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9) FRIENTGOZZ»"ANTENNA HEARINGS FOR 54 GEO-SYNC SATELLITES!” ¢ 
100 РКІМТФ990»“(С) 1979 STEPHEN СХЕЗОМ “9 
110 ҒЕКХ::1701500:МЕХТ:СОТО220 
120 ІҒХ-ІТНЕМРКІМТО/ 04," 
ж ж 

ж + ж 

“RETURN 

130 IFX=1LOTHENFRIENT#7 04," 

x - 

* 


+ 
ж "j RETURN 
140 IFX-30THENFRINTG704)»" 
x 
ж 


ж WS КЕТТЫК 


150 IrXs3UTHENPFRINTGO42,".";: 
i60 IFX-4STHENFRINTO?722$,","5: 
170 TFX=SSTHENFRINT@SU2 2" ="; 
180 IFX-SBGTHENFRINT8422»".":i 
190 ХЕХ-ОФТНЕМРКЇМТ303»"“."51 
200 ТЕХ-о1ТТНЕМРЕХМТ 183» ٭‎ "5 ۲۲ 


220 RETURN 

220 М1:-РЕЕКС16422)1М2-15ЕЕК (164239 

230 С1.6:1РКТМТРЗ20У"СЕО0-5ҮМС SATELLITE PROGRAM" 

240 ҒКІМТ: (С) 1979 STEFHEN GIESON 

250 РОКЕ 63, 2553 RESTORE: 'TRS-80 ROM ELX 

260 FREINT"DO YOU WANT 4“ РБЇМЇ:РКТМТ"1 = LIST OF SATELLITES " 

270 FRINT'2 = CALCULATIONS * 

280 FRINTIPRINT:INFUT"WHIUH "SALE Аш] THEN 1010 

£70 ' 

300 бї.5 РКТМТ"БАКТН STAFION COORDINATES?" Se RINT 

310 PRINT LONGITUDE ~ INFUY DEGREES» MINUTES , SECONDS" 

320 INPUT VPs YMY 

330 INFUT"TS THAT EAST OR WEST LONGITUDE «ЕАН “FU 

340 PRINTS PRINT LATITUDE = INFUT DEGREES » MINUTES » SECONDS” 

350 INFUT HD» ids HS 

360 INFUT"IS THAT NORTH OR SOUTH LATITUDE (N/S) НФ 

370 ' 

380 CLS:FRINTG3S84»:""IFRINT"'DO YOU WANT...." TPREÉNTTAECIEDO * = PRINTER OUTPUT" 
390 FRINTTAECLIS)^2 = SCREEN OUTPUT” EXNPUT" HIELO "SULEE HE ҮНЕМ 420 
400 РОКЕ16422»88:РОКЕ16922,4:С1.6: ОУ 0430) 

410 ' 

420 CLS? INPUT READY PRINTER. «4 THEN PRESS Т ЕМТЕК "pat 

430 LPRINT CHR$(14> " СЕО5ТАТТОМӨКҮ SATELLITE ANTENNA GEARINGS” 

440 ІККІМТ" "ИРЬБТМГ" (C) 1929 STEPHEN GIESON" 

450 LPRENT"' "ILFRINT'EAKTH STATION AT $ "541285" ¢ "SUMS" 1 tugi” "g 

460 LFRINTUSs;" “HDS ¢ FMM" 1 "FHSS" MSHS 

470 LPRINT * * 

480 IFUs1THENLFKINT*SATEL(ETE" > "NODE"»* AZIMUTH" ys" ELEVATION" »"IXISTANCE СМТ) " 
490 LIRINT " * 

S00 ' 

510 IF Usd THEN 540 ELSE ЕКМТ САТЕ ТЕ" ۶ TARAN? 3 "NODE"; 

520 LEPRINTTAECII2 5 AZIMUTH" ۶۲۸۸ C42 ۶ "ELEVATION" 5 ТӨР C302 ۶ "DISTANCE CME) " 
930 ' 
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S40 бф Ын! WEST LONG FOR ашы SATELLITES f! 

950 G = VDerCUMeUS/600/60 ¢: A = HDF CHM EHS GR AN 
560 IF US$-"'WH"THEN Се 

o70 IF hHd$-"S'THEN AeA 


590 ‘CALCULATIONS 

600 FON J-iTO0S54 $ READ SAS » Е ЗЕ بت‎ ef 
610 E = با‎ (Е) 

620 IF #2180 THEN تا‎ 
630 ТЕБ —180ТНЕМ = +340 

540 ТЕВ-281.2ТНЕМ 12--0-01,3: GOTO 910 $’ ЕККОК! 4 
650 Q-ICCOSCEX. 0174533) «(COS аж, O17 4555) 2 

660 C-C-ATNGCH/SQR C-QaQ+1 041.5708 2 457.295 7H 
670 IFC#}81.3THEND=0-61.33 COTO 910 3° ERRORI í 


= “HO 


670 ' DO PRINT- OUT 

700 IF U=2 THEN 720 $ ЯСКЕЕМ Є&КАНСЧ 

710 CLS ERINTI + CHR (253) ЗАЗ, АБС CH У 

720 СілзСж69,05/7: MILES TOO SUBFOINT (NOT USED? 

730 AAz180-*CATNCTANCEX,0174533) /GTNGSX 40174533) ) ужуу , 29578 
740 DTFA<=0THENAA=AA+1 40 

750 R-3957:iH-22245 

760 S*SORCCRÎ 2) +i (ROH) 12) KEK СКН COS (CX 01795353 

770 ЕЕ-(((6“2) & (8 20 (RAHI 20 رر‎ /Сфжкж ә 

780 Е-С-АТМСЕЕ/ ОК (-EE WEE +19)0417 ПОЗ X537, 29571090 


AHO IF U-2 THEN LPCRINT 5а9,ТАРС20295АБ54Г)5ТӨР СЗО PAA ТОГ 402 3Е ТӨР (503 8:۲70 830 
810 IF М-і THEN PRINT SAS » ABS(F) » Өд» € › S 


B30 NEXT 


B50 FORX1-1T01000:NEXT 

860 FOKE16422»Mi:FQKE14423»M22 ' RESTORE ا۲٢٢۲"‎ 

870 PRINT8960»:lINPUT*WANT ANOTHER Y/N "раз: ДЕ Adjz"Y" THEN 230 
980 “ 

890 CLStEND 

900 ' 

910 ' ERROR FLAC 

920 IF 4-1 THEN 940 ELSE LFRINT 56۵۶۲۸ ZOO ۶ "EELOMNW YOUR HORIZON By "sDr" DEGREES" 
930 FOR X = 1 TO 100 $ NEXT $ GOTO 830 

940 CLS 

950 РКІМТӘӨЗЕФ»СНК%(23) 64%, AESF) ا؛‎ ۰۲۲٢ Sas. ARSC?» 

950 LPRINT* ВЕСОМ YOUR HORIZON БҮ "309" DEGREES" 

970 GOTO 830 

غ 980 

990 ' LISTING 


1010 C-0:CLSiPRINTiFRKINT*SATELLTTE W-LONGECUDE " РЕІМТ 

1020 С-0411КЕАО ۵ 

1030 ТЕ &$-**" THEN PRINT INPUT "FRESS ENTER ТО CONTINUE" FESS GOTO 230 

1040 РКІМТАФ УА 

1050 IF C < 10 THEN 1020 ELSE PRIN ilINFPUT"'PRIEZSS ENTER TO CONTINUE"Z2IES$IGOTO i010 
1060 DATA "ATSB" rû, *GOEG—-1" (75 

1070 DATA 'COMSTÓR 3%,82,“МЕСТАҚ X"»91L1»"CUMSTÓOIRS Z'"»95»'WESTAR 1.99 

1080 DATA "ANIK 61"»104»"SMS5-1"»; ] ب تال‎ "ANIK Až" rL у ANIK Ey 1089." ANIK A3"»114 
1090 DATA *-CTS-"»116»"SATCOM 2" ۰ئ1‎ "WESTAR 2" 9123. tix “CUMSTAR 189128 

1100 PATA 'SATCOM 398,132» S6TCOM i"»135»"3Wb5-Z"»1235 

1110 DATA "'ATS-6o"'»s1450»"ATSG-1"'"»v139»"STATSri0NO* 10"»170 

1120 DATA “INTELSAT IU F4*»«11»"MORIOAT 2"«1838»"INTELSAT IU ۲٢۰ ۵4ء‎ 

1130 DATA "STATSIONAR 7".2209"-05-",:2255"-15Т5-".230.“-00БЕ-20.2014 

1140 DATA "STATSIONAR 1",261"ЕККАМ 2"»261» “EKRAN 1"»251» 'STATSIQNAK. û" (275 
1150 DATA "FaLóf-à L1"»z77Z»"STATSIOUNGK 1"»280»"P^óLAà^^ó 2"»283»"MAálktGnT 2" zar 
1160 DATA “INTELSAT LYA БА" ,29/» "ENTELSAT IV FL'"s298.6»"INTELSAT ТУ F6"»300 
1170 DATA "INTEL:S36^51 IY b'»"»»3U05"STATSLONANK H" +3029 "STMEHONTE 1"»311 
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1180 DATA 
1190 рата 
1200 рат» 
1210 рата 
1270 DATA 
1230 Бата “0 
1240 END 


"STOTFSIONAKR 94,315 


"INTELSAT LIV ЕЗ" 234. 


150 ard 146. 

In tine 220, the program perks іле | ле printer dev ce 
zon:ro block $0 we can Fave the cption of sendirg Ihe cutpu: 
dala 1C the prirter or the screen by simply poking the address 
ot the screcr driver routireinza the printer centro. block. This 
mighl explain why nearly all data print-outs are LPA NTS. 
Youcnose tne 03۱٢٢ down in line 392 

Mroanwhile back in line 280 you are given the option cf 
displaying the 54 satellite data base ar running calculations 
based эл ongitucde ard latitude 3ئ ( ت۱۱۱ :۱۱۴۲ی‎ you input in lines 
300 ard 360. Based on your choice af CRT ar lire prirter 
бри the program enters а loge in line 600 16 do іле actual 
calzi.lalians 

After being converted ‘a decimal values. the ٣٥ 
senes 10 Gecering һе azimuth. e evation and distance [o the 
satell te frem your coordinates. It firs! solves tor the great 
circle angle in lines 616 10 670, If the апашаг distance 16 the 
satell te sLo-point is greater than 81,3 degrees, the program 
branches to ar e*ror message in lines 910 ta 930 with the not too 
їтрогтгал! data of how iar off you are. 

Next ‘he azimuth is calculated in ine 730, the slant range 
distance lo the satellite in lire 760, and the elevation in ine 
280. The info is printed in fo" matin lines 800 and 816. 


IF IT WORKS...MODIFY IT! 

One ot the Edsel Murphy's carro 'ariges is that a program 
thatrurscorresily is obsolete. To serve that ever presert need 
tc madify, Гсал suggest you fiddle with the prirter formatting. 
You may ated Ic anyway depending on your line р" nter. You 
сап add satellites ig the data base by inserting cala 
statements. The only gotcha їо lookout far is ta be sure the last 
dalasiatement s :he one we lave іг line 1230, a string null and 
a zero. By the way. the data format is а string enclosed in 
quotes followed by the longitude of (Ре bird. You must also 
change the range o! the for/next оор in fine 600. 

If you are curious how many miles you are from the 
зиб-рони, print out the value ot СІ in Jine 720. The current 
screen formatting won't support и. So you’ | need lo tool with 
lines 800 ar ВТО. Also nearby are the constanis used to calculate 
ite angles. In line 750 is the radius of the eartn as Н ane the 
distance to the beli trom the equator in Н. Both values are in 
miles, 


FOR THOSE WHO CAN'T WAITI 

You can skip the calculating comptetely by using the STT 
Antenna Pointing Charts ar better yet, send in an order for à 
customized computer created antenna pointing chart for 
your location (sec page 46 of this manual) that will give you 
the exact azimuth and elevation headings plus other essen- 
tial information based upon your exact location. 

The STT Pointing Charts are acheap and dirty way to save 
time. While general angles from a chart are not the most 
accurate methnd, Ihey do make it easy (ог you to point your 
antenna within a few degrees. For many, this may be the best 
accuracy possible even with computer derived pointing info. 
АП kinds of errors can creep in when you attempt to translate 
numbers to physical positions. The STT Pointing Charts may 
not improve your translation accuracy, but they still Surely 
save you time al getting your antenna ‘io the balipark', Later, 
we can work on more accurate methods. 

Two charts are used. One for reading elevation, and the 
olher for azimuth. Both work about the same. You enler the 
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Fe 4, "SYMPHONIE 2"»11-9 


1" "+15ء‎ 70 1.86۲ IVA F4",19.5 


difference in Lorgitude between you and the satellite. |n the 
exanip e given, Satcom| ss at 135 degrees. Our longitude here 
in Holywood is 118 degrees ard so the difference is 17 
degrees. 


ELEVATIONLOOK ANGLE CHART FIGURE 11 
E = Elevation Angle 


10 20 30 40 50 60 70 80 90 
D [Terence between your longitude 
and satellite subpoint. 


Eamele tor Hollywood at 118? уу. 
Бали 135% Minus Hollywood 118° — 17° Di'íerence. 


Back now to the chart, we move up trom the bottom to Ihe 
зол! that corresponds ta our latitude as seer ut the .eftlf ycu 
lard en al ne, you're okay. Reading one of the curved lines on 
the graph shauld be easy, If you don't land an a linc. you'll 
nave t9 do same interpolation. You саг 't get Tore thar about 5 
degrees off anyway. so it should be a piece of cake. In our 
cxample, we en:ered at 17 degrees and moved up to the 
latitude 31 Hollywood which is aboul 34 degrees. There we see 
that inte"20 alion will he necessary and аг guesstimate on Ihe 
dish аївуайог angle is about 45 degrees. Actually, Ihe 
computer says it's 4/ degrees! [rat's not too far off that we 
Ca" t rock tie dish fil we hitit on the money. 

The azimuth neasuremert is the sarme excep’ lor a little 
дара we built ir la keep you on your toes. You enter the chart 
from the bottom as betore and move to your latitude. There you 
read a wierd number. in our example. а move up from 17 
degrees 1+ the Hoailywoad lat'rude at За degrees gels us an 
interpolated value from the lines as 31 degrees. What do you 
do with Iha:? Add it ta *80 degrees and point your dish. That 
means 180 + 31 — 211 degrees. Actually ıt shoulc be 208. Ап 
error cf 3 degrees is still aat 100 hard to live w:th Where's the 
catch? 

You most certainly will have satel ites whose azimuth 
angle from your location wi.l be less than 180 degrees. What 
then? You w 11 have to subtract the number from 180 сесгеев. 
Haw will you know when to subtract? [he secret is the 
difference in ihe longitudes. A negative resuit means you 
subtract, wh.le а positive result means you add. 

If Comstar sits at 87 degrees, a difference ої 31 degrees 
exists for Hollywood (87 - 118 = -311. so we enter the chart at 


| chart at the bottom with what you have figured as the 
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AZIMUTH LOOK ANGLE CHART FIGURE 12 
А = Azimuth Ang le 
90 


80 
(0 


60 
50 
40 
30 


10 20 30 40 50 60 70 80 90 
Difference between your longitude 

and satel ite 6)۰ 
Fxampletor Hcllywood 311184۰ 


SATCOM | 1355 Minus Hollywood 118° = 17° difference. 


tne Боб and trove up 7234 degrees (Fro: ywood latitude) and 
read about 47 degrees Subtract.nq from *89 (because ‘he 
difference was negative], we get 133 degrees as ihe аг muth 
angle. Ina actual value тз 132. 

The charts have tha’ боса and Бас poirts. Accuracy 
w thin 5 degrees is okay as long 45 you know you will have tc do 
some fiddling. It's alsa а gooc method to check your 
calculations. And they are tast. By ‘ar. your Des! bet is ta send 
us {Fe datain the back of the manual à org wilh your 
rcordinates ard we will send you a computer derived pa wing 
chart tor ycur location. 


HOW TO BUILD ASIMPLE ANTENNA MOUNT 

Its hard to say when the initia excitement of sce 13 your 
{esi TV раен fragm space will wear oft. Perhaps never И 
migi dependaloton bow mich cf ihe work youda by yourself. 
15 darned hard to пиг salis'acbon И за 56 possible that 
hew much work you do Jus! *u анз ша walehable picture will 
affect your interest. Trying 15 seep the а sh [ror being brown 
o! the bird by the wind is a mean feat unless you have a Тігіп 
angar tied al several points. 

Suppose you have a saw Forse ar acnild'z swing set to use 
asaquichie mount Your dish i5 just ieaciing there waitirg fer 
the ‘wsi »recze or штор *2 bump i? That critical inch or ۶4 
СИ ine satellite Wha: сал you do right now to stop the 
arnoyance? А fast trip ta che hardware 510+ 6- а Suret."e road 
fu вс. поп. № you are шыла а swirG set’ ۴۵ا٦١‎ seen in 
figure 13, you can buy seme long TV antenna نا‎ bo ts and seme 
xls 5 [iot seclioris of 8:813 irast. Bolt :he mast 59 
arywhere alerg the А frame! part and run them out 10 your 
dist. bolting them alacnycaunverierl point Use an electric drill 
ar ike dish Fhegral losecure the dish ‘rom atleast 3 points. 
Pere і: leans against tho swing кет" bezrurted as one. 

H your antenna 12275 aga ‘Ist a saw horse pr a tree er ever 
Ре по. ве уси саг $ as several sections of cold water pipe inta 
"Fe 07:77 rext 10 the disF as seen ir figure 14. Using tne long 
نا‎ bolls аз above, you car “un pipe ог TV mast sections to tne 
dshwhere more J bolts secure them. Sirkirc the p seis зазу 
I! vou usc а сагасг hose and à pipe *itting tc lel waler power da 
all tho werk. 

The key idea ^ beih these quickie 50 stion examples is 
rigidity. Not сту wil: you have ал antenna tat will stay ри 
during Ine mild storm. but you are less like y іс accidentally 
knock i? of the bird while making offer adjustments. 

As more and mere program ning gets с en satellite رد‎ 
may begin dr wonder huw ٠ make your fixec mount adjustable 
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SWING MOUNT 


TY antenna № 
U-boll 


Melal Strip a 


ےھ 
Outer Edge‏ 
af Dish Antenna‏ 


Tv Antenna Мян! 


ТМ Antenna 
U holl & metal 
strip. 


Unreasonable chile 
warting Per 
sw ng back. 


Swirgk rame Leg. FIGURE 13 


Gibson's Hydraulic 
Hole Driller ت‎ 


7 *- Garder Hose 


2 
d Fitling screwed onto 10° pipe. 
n 


Fan اک‎ 


1 | Vater aressure pushes dirt aside as 
| m you guide pipe decper and deeper 

۱ into усыг valuable real estate. 
|! Fer secure anchoring, set about 
17301 tre jipes length inta graurd. 


FIGURE 14 


so that you aan see what's on rhe other birds. The swing set? 
method cat ce mace adjustable by changing ihe length of the 
р eces of connecting mast you installed as von tilt the dish The 
Saw horse se:up might go on а arce turntable made from 
au:2ma3hile parts. Either methed is good for about as long аз 
you want 12 82814 to sea id it works. Otherwise you mighl just 
as мондо ‘ог rne throal are built а real antenna mount! 


8ACK TOTHEHARDWARE STORE 

Other than a fixed mourt you couid build from parts 
baghi at à jurk yare, you һауе twe choices far a moveab e 
"aunt They are the AZ? EL and tne polar mount. 
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GIBSON'S "LAUNDRY POLE" MOUNT 


Laundry Pale 


Rear View 
Weld &zimuth 
Turn handle te post, 


Ground 


Vertical shafi of laundry 

pole sits ina Farger pipe 
which serves as asleeve 
enabling pole & dish antenna 
tobe rotated. 


The AZ/EL or azimuth' elevation mount is by far the most 
popular because you can aim а: just about any pain: in ihe sky. 
Not anly can you aim the antenna at any visible geostationary 
satellite. but you can try your hand at some of the palar orbit 
birds such as ihe Russian Molniya. Pictured tere is the 
essence of the AZ! EL mount. 

Two axis are used to aim the antenna. The elevation axis 
handles the up and down whiie the azimuth axis is used Гог the 
let and right movement. The elevation adjustment is 
measured fram the horizon at zero degrees up to a рот: 
directly over your head called the zenith at 90 degrees. Use the 
cut-out STT Inclinemater as a guide. The azimuth adjustment 
can be in any direction on a horizonal axis or circle from a zero 
degrees point facing North in a clockwise direction around past 
sauthat 180 degrees and back to narth at 360 degrees, 


__ Spacers 


Slide pipe through hollow 
horizonlal portion of laundry рые. 


Top View - looking down 
on iaundry pore & 
dish antenna. 


ЇЕ. Large Bolts 


Trailer jack ta 
adjust elevation. 
Bolt or welc 10 
post & dish. 


FIGURE 15 


As we learned [rom the discussion on dish pointing. al we 
really neec is an elevation and azimuth angle ‘or à satellite 
from our locator ard we can find 1: with casc. We simply set 
the antenna elevation to (Һе calculated elevation with the 
incl-hometer and then swing the antenna arcund сп the 
horizontal azimuth axis to the calculated azimutn angle. А 
quick fine tuning or rocking of the antenna bac« and forth or up 
and down shauld find us a satellite More on fire tuning 
techniques later 


POLAR MOUNTS 

If you've ever дагес througn a te escope equipped with a 
clock drive. you knew ‘hal the sccpe appears ta be ‘locked-an' 
to the celestial object you are viewing. T^is is especially true if 
ıt has been properly aligned loa point near t^e gele star. Hours 
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WHILE IT LOOKS camplicated you can build a jiffy-version of 
this mount using a backyard laundry pole! 


can до by and the object stays in the field of view of the scope. 
The way it all works is very simple. The turning axis of the 
earth can be seen by those of us in the northern hemisphere as 
а paint very near (within a degree) the North Star Polaris, |f 
your telescape axis were alsa ап this axis, then а motor 
adjusted ta the speed of rotation {once every 24 hours) would 
have the scope appear ta he locked оп to any slar or object it 
was painted at. A satellite antenna polar mount, as it's called, 
is very Similar. The single turning axis is aligned north and 
south and the antenna can be rotated in a sort of East-Wesi 
direction. 

The effectiveness of a polar mount is it requires only one 
moveable axis and is easier to handle Think of ihe simplicity of 
merely moving one axis so ihe antenna sweeps across Ihe 
entire belt of satellites visible from your location. 


The plain truth of the matier is that sucti a practical idea 
сап be very impractical unless you live on the equator, 11:15 
there that the elevation angle is 90 degrees and the satellites 
are in abel! or arc directly averhead. Тһе pelar mount antenna 
can sweep the satellite belt with ease so long as the mount аг 


At any lalitude other 
than the equator, a true 
polar Mount misses 

all the satellites! 


Polar Mount ; 


Equator 


Satellite 
FIGURE 17 


SIMPLE POLAR MOUNT. Note ihe adjustable poie at left 
which is used 10 position the dish. NOTE: This... 


.. AS REALLY THIS. 


Pointtrue Al 
north 


East - West 


Polar Mount 
Rotation 


FIGURE 16 


turning axis 15 aimed in a true north-south direction. Any 
misalignment will cause error. It's really по big deal if you da à 
careful installation job. 

Bui suppase you ٠٠٠۷١ in St. Louis where your tatitude is 38 
degrees and you are no longer directly beneath the arc ог bell 
cf satellites? If yau align ihe polar mount ta true north, your 
antenna wil be looking out 4010 space and missing all the 
satellites, as seen in fiqure 17, 

50 to receive them you must make an elevation adjustment 
to t. It the dish down enough to see the belt of satellites seen in 
figure 18. You sometimes hear this adjustment referred to as à 
declination adjustment because the up and down motion on a 
telescope palar mount is referred to as declination rather than 
elevation, This is because we are no longer referencing a line to 
the horizan, buta line reaching out into space that is 90 degrees 
to the turing axis of the antenna. 

Because the axis of the antenna and the arc of the 
salellites are not the same, you can no longer swing across the 
entire belt that may be visible from our location and expect to 
be ‘right оп boresight’ for each satellite despite our careful 
declination adjustment. Instead you will hit only some of the 
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adicll tes right on' and seme will te off бу ar amount wholly 
dependent cr your alitude Tho farther north or sauth you go 
from the ecaator will control the amount of error you will 
acit mulatc as seen л figure 19. 


Su...fhe polar mountmus: 
bet: tedfromrorth!soutn 
lo Pit the satellites. 
Tilt angle is called 


declination ToPo с 51а" 


Declination Adjustment 


Normal Polar Axis 


Equator 


Satellite 
FIGURE 18 


Belt af‏ جج 


Satellites 


WHAT A POLAK MOUNT ANTENNA SEES & DOESN TSEE 


Good Reception 


True North 
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So only some of the satellites you find using a polar moun: 
will be right аа boresight. While this may not necessarily be a 
problem for rather small aperture antennas, larger aperture 
dishes may have trouble getting the best picture because 
they will never be pointed directly at the satellite which 
should make a big dent in your reception especially in the 
sparklie department! 

А neat trick you can try if you are intent ой using a әсізг 
"mantis tosb ft the axis of Ihe тома: off true north so that the 
arc of the antenna will swing through more satellites. This 
amounts іс mawing a very slight az: mut" adjustment іг 
azditicn ta tha declination adjustment vou made eartier. 

Still another irethod is to throw ir the towel and make your 
declinat on adjustment variable $9 thal vor car fire-lune your 
antenna ир ane dawr "а compensate for the polar arc errar. 
Perhaps yuu see now thal іле polar mount has limited 
advantages aver tna AZ! LL mount in as much as TVRO's with 
small aperture antennas function oest wen aimed right at the 
salellita. 

Оп the other hand you may only мал! 10 receive a limitec 
number of satellites and they may jus! Pappen to эв ciose 
together ar nearly or opposite engs 91 your visible belt of 
зше Then the polar mount will really srine because al! 
you пг t6 «0 is rake the azimuth adjustment trackso that ihe 
saiclliies you want will “all ол tie are of your an;eana. 


BUILDING YOUR SUPER MOUNT 
You can bui d your super тш! any number of ways. 
deta Is here mighl not ГИ your агіеппа. Toa many 


Spe: 


variables. YOu бал attack ine project two ways Use a Бай 
Together! matted o tig Weld и So id^ method. Both have 
their advantages. 

The ‘Bolt Tagether’ method may look very aliractive it vou 
have aver owned an erector set. All you do is buy the basic 


Gan't Rece.ve 


Path of Dish 


FIGURE 19 
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ADJUST AZIMUTH TO GET MORE SATELLITES. 


Path of Dish 
T. Bel: of 
Satellites Note ac, Jstrnent 
Off North 


True North 


| 


FIGURE 20 


paris you леес, do some cutting and then apply à generous Lack wasners are a musi for Hiis kind ot construction. 


dose of nuts and bolts. The only tools you might nget to buy. The only disacvarnlage you may discover is that a Bol: 
rentoroo°row area metal Saw (clectric (14 Saws are cheap) and Together mount is лайсһгар, It's пої the basic metal stock that 
а 17/4 inch drill. You can bay b ts that convert up It 3/8 inches well bother you so much as the price of the smaller hardware. 
and beyord. Large U belts hold the whale assembly togelher. -ittle things in p'astic bags cost nearly twice what Ihey would И 


EXAMPLE of bolt-together mount construction |Kintech WELDED MOUNT canstruction example trom Paraframe 
Technology dish at SPTS "79 т Oklahoma]. commercial 12 fooi dish during SPTS '79 in Oklahoma. 
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ONE [commercial] approach 10 elevation contro! [sloping rod]. 
Azimuth is handled with cenier-pinned cage support that 
rotates on center. 


you found a barrel of them! Your best bel is 10 shop for your 
hardware. 

Despite the lear ol torches, the ‘Weld ıt Solid’ method is 
cheaper and perhaps slightly better in the basic rigidily 
department. You can buy (he most ugly hunks of metal al a 
junk yard and paint them later after you've cul them 1c the 
exact dimensions for your design. The possible advantages 
may escape you because the thought of seeing yourself clase ta 
all thase hot sparks Пута all over may frighten you. While you 
may think that welding ıs for weiders, the simple truth is thal it 
is almost as easy as saldering and almost all the sparks you see 
are cool rong before they reach you. 

Whai about the ones that do? Wear a lorg sleeve shirt 
(по holes) and some gloves and you should be pretty safe from 
harm. Of course you must also use a welding hood ar same 
goggles, The main thing is ta keep your body covered. 

You can borrow or rent a welding oulfit very cheaply. Your 
best bet for welding rad may be 6013 arc welding rod. 1/8 inch 
rod works very well for АС/ОС welders, Running about 90 
amps should get the job done. Run yaur gas pressure around 8 
to 10 pounds and Oxy at about 40 pounds. 

You can use an electric or a gas welder to build your 
mount. Father king work very wel! though some veteran 
welders may suggest a preference. Just be sure to knock the 
‘scale’ off when you weld on top of a weld. 

Rental prices vary from cily to city. Keep in mind [hat a 
200 amp unitat Sears is under $150 new, so don't expect to pay 
much пі a renta: fee. Some places rent by the hour. You сал 
save а few bucks it you pre-cut the metal. It's hardly worth it 
when a good cutting tip such as a Victor #0 or #00 will chop stuff 
tor you ata pretty good speed. 

The last pari of the construction phase will be getting the 
dish up and onto the mount. While a block and lackle will work, 
you may have better luck atrenting a chain or cable hoist, Loox 
in the yellow pages for an equipment rental company. 


ANTENNA POINTING TIPS 

Ву now you are well aware of the info needed ta quickly 
and accurately point your antenna. You have several sources 
here for the same satellite location data and details on how 10 
obtain your location coordinales and even specific pointing 
aids to det you nearly on boresight without once looking ata TV 
screen. We've reached the bottom line where all that remains 
is ta simply swing the dish around to the proper azimuth 
position and НИ Нор to the calculated elevation angle and quit. 

ا٦‎ should he easy to determine the antenna's elevation 
with the heip of the cut-out STT Inclinometer. But finding 
azimulh is quite another matter. You can sight a line with à 
compass and poini the dish along the line. If you buy а 
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| etwa UNITA К+ 

SIMPLE but effective elevation control: antenna base is hinged 

and diagonal strut marries small end-mounted jack-screw and 
telescopic rod with 5 degree step adjustment holes. 


compass, be sure ta find one with very clear degree markings. 
The larger the better. The important thing to remember when 
using а compass 15 to always lake your readings away from any 
metal and to remember the compass points to magnetic narih. 
nol true nor*h. You can gel a rough compensation value from 
the generalized magnetic variation chart in Appendix A or 
betler yet look again at ‘ће quadrangle map you used to 
determine yaur coordinates. The local magnetic variation will 
be orinted along the edge of the map. The local surveyor 
should also have that data. Re-positian your campass so the 
needle is poinling away from the N symbol the exact number 
of correction degrees. The М symba! well then be puim*ing al 
true north. 

Which side о: north you should position the needle should 
be apparent from the diagram un the тар. You can be sure of 
yourse t |f you rernernber that very generally your compass 
needle should be on the right side of the N symbol if you are 
west of VWiscons-n, Cincinnati, Ohio and Savannah, Georgia. 
Olrerwise the compass needle should be on the left side of the 
М буга, It 1$ Fard іс generalize here without Бета tolally 
wrong Your best bet is tocheck the maps, your surveyor or the 
local airport. 

15 there a better way to find ihe correct ал muth? Yes, if 
its a clear night. All you do is position a stake North of your 
antenna sile and stand Sbull of the stake with another stake in 
your hand as seen in figure 21. The height of the first stake 
should be about 4 feet and tal'er perhaps if you live above 40 
degrees North latitude. A broom or a rake leaning upright 
against a lawn chair works rather well. All you do is sight the 
Pole star along the сар of both stakes and then drive the snort 
stake into the ground. А line between the iwo stakes 15 а truc 
rorth south line. A compass on that line with the М and S lined 
up (ignore the needle) wi:l give you true positional readings. 

Fine, but where the beck is Polaris? All you Pave to do is 
look at the star map in Appendix В You may notice many 
poirter stars marked on the map in as much as the position af 
the constellations vary throughout the evening. You can rotate 
the map until the posit.ons agree for your season gr time af 
night! (about 8 PM LST} and then locale the Pole star from the 
corstellation painters. The Big Dipper is an easy find. It'slikea 
saoon. The two starsat the lip ofthe spoon are in a siraighi line 
to Polaris. Another way is to -ock for the Little Dipper, a bent 
sooon. The tip of the har.dle is Ро aris, 

Yau might finc this method s difficult i? you live at iar 
norzhern latitudes The stake needs 10 be kinda сал, The easy 
trick to use here if you vealredy installed your d sh is to simply 
sight over your dish itself as an index seen n figure 22. You сал 
tilt it back so the | МА orfeedpont is visible above the dish or 
simply pLta mark at tne tap. 


STTS 


FIGURE 21 FINDING TRUE NORTH 


Line up thetip ofthe broom and the 
lip of the stick with the pole star. 

A line between the two is your 
North/South bearing. 


FIGURE 22 USE THE DISH AS A GUIDE 


Line up the tip of thestick and 
the LNA feed wiih the 

Pole Star. Aline 

between [he two 

is your North? 

South bearing, 


Whatilit's cloudy al night and you don'| have a compass? 
Here is where we really need to apply sorne savvy and some 
math mumbo-jumbo. The effort is greater, but so are ihe 
rewards because we will not only find the north and soulh 
directions, bul the satellite as well! 


SHOOTING BIGGER STARS 

Using the sun's shadow, we can find a true north line as 
well as all the bearing pasitiors. In fact we can very accurately 
find each satellile from the shadow cast by your | МА feedpoint 
оп the antenna using the STT cul-ou! Sun Compass апо the 
STT Sun Shot Charts. An extra bonus from learning how to use 
the charts (easy 51010) is Ibat we can determine when we will 
experience sun transit outage for each salellite! 

Cul out the STT Sun Compass al the back of Ihis manual. 
Position it over a piece of stiff cardboard or wood and mark the 
general area of the center. Drive a long nail through the 
material from the back. Pasition the compass over the pointer 
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and glue il to the wood. | he rail will acl as a poirter and must 
besturd! y in place as well as the exac! center. Redrive ‘Һе nail 
if you miss the center. 


STT SUN COMPASS is a dream come true in {һе azimuth 
alignment depariment. Once this simple instrument [see 
inside back cover] is tuned 10 a north/south line its shadow will 
help you align the antenna using the shadaw cost by your LNA 
as a guide, 


USING THE STT SUN COMPASS 

1 tie pointer (gnornon in sun dial lingo) casts a shadow 1 
м Il tell us the relative azimuih of the san И the sun compass 15 
aligned оп a true northisputh dine. But wait! A shadow that 
may tal. at 200 degrees on the sun compass w::l alsa сая! (prime 


USING THE STT SUN COMPASS 
an Genler line of dish 


Align LNA shadow оп 

center line of dish ta 

match azimuth reading 

of sun compass. 

(Campass must be posrtioned in true North/South iine.) 


FIGURE 23 
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focus Mounted) LNA shadow on tne disn And il may indeed 
‘all rıghti¬ tne vertizal center |. 78 à дуге sh wher it i5 ро wed 
at 206 degrecs true. Aha! Al we ٣ج٤‎ todo 15 wait for the sun's 
shadow to touch the az: muth position we «ал! on the compass, 
then spin the dish urtil the LNA shadow falls on a lire ua the 
middle 

This may sound like a dream come Irue (especially оп days 
when {he s% sshining clearly). OtFerwise you must "езагі to 
the moreuntrustworthy magnetic compass of use the pole star 
method а! night By the way. yau can use the STT Sun Compass 
a:r aht as a much peter bearing indicator due to it's size. 
Simply set the compass on the rerth/soulh bearing line you 
found py us ng ihe stakes and 201711 the dish us ag a line across 
the com sass surface or wait for the sun to cas! à shadow as à 
22: nter indicator. 

Positioning the sun campass ny day тау take some effort, 
pul tne benetits it can bring you are surely worth the effort. 
You’ First thrug his may бе tha: the shadow should rest on zero 
degrees or true north at high roan. You are partly correct. 
Jnforturately, the sunt keeps lousy limê and Lwill only point al 
Irue north at high noon about 4 limes а усаг That's nol 100 
accurate Lspecial y when it can be off by пеаг!у 16 minutes ir 
early November! What we neec 1$ a cheal 3116٤1 such as the 
STT Sun Shot Charts to ge: us accurate positional into for 
various 1 mes throughout ihe year. If we then apply a cousle ot 
sim olecarrections for your location we can ger accuracy better 
thar a degrec...enough to put you just aboul ‘on 6 in 
one clean shot! 


SUN ORBIT MECHANICS IN A NUTSHELL 

Perhaps you're wondering why we need sc" position 
charts or annoying corrections to our time at all. The plain truth 
ıs that our sun is in the wrorg spot at noor aboul 361 days а 
year. Not too соса if we must use i! to aim our antenna. One о” 
the prowlems that cause this mishap is that the earth's ٠ 
notan exact circle around the sun, It's more | ke an ellipse 1299 
shaped). To make matters worse, the sun iSn 1 in the middle. 
$a we have days that are longer (Пап others which causes the 
sun to miss tne clock псоп mark pretty often. Add to this the 
fac: rhe earth is tilted on its axis which makes the sun appear 
to be at different elevations at noon throughout the year and 
уси begin to wonder how those guys whe used to make sur dials 
ever sold апу al all! 

The up and down action of the sun (called declination) 
doesn't matter much as far as finding azimuth unless you wart 
10 use it lo check yourinclinometer, so we Il ignore i1. The other 
problem with solar positioning is «nowing whai time it is at 
your раст Мунал is И порт? As you know our clocks are set 
ic the "оса time zone meridian and are reading correctly when 
reac on ihat merdian. If you are standing east or wesl by a 
measured amount, your clock is wrong Бу Ihat amount: which 
is about 4 minutes [ar every degree you are away from Ihe 
meridian, While nol exactly correct. the noontime sun 15 early 
to those standing east of ihe meridian. It's late И you аге wesi 
01 the meridian. 

Let's say you are at 75 dearces west and the time тоге 
meridian is а.ѕо 75 degrees west. Further, at noon on this day. 
Ihe sun is right on time and hanging oul there al 75 degrees. 
Your clock shows noun and the sun is on t me. Big deal Ви! 
зьррозе vou are пам at 76 degrees wesl at the same time 
inoon) on your clock. Something is wrong. The sun doesn't 
seem ір be hanging aver you situated at /6 degrees, dul your 
clock shows noon! It will take the sun 4 minutes tu get to you. So 
in faci your clack will prabably show 12:04 when the sun is 
direztly overhead at your position at 76 west. The sun is late 
because you are west of Ire meridian. Some days the sun is 
ca*'y Who can you trust? 


USING THE STT SUN SHOT CHARTS 

All we need to dois calculate the correct clock time for our 
longitude and read Ehe charl for our latitude to the nearest date 
at Ihe corrected hour. Getting aur clack lo read the time at our 
location is a simple matter and finding a chart close to our 
latitude is even easier. Let's do it step бу мер. 
1JFIGURE THE CORRECT CLOCK TIME: 

1175 easy la figure the true local time correction far your 
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location by simply adcing or subtracting 4 minutes for every 
сесгее you are саз! or west of the meridian. In aur example 
above we acded 4 minutes to the clock because we were 1 
ccorce west cf the time meridian. Subtract 4 minutes for each 
Gegree east of the meridrar. Try to think of it as the sun 
arriving Barly H you аге east |f you are west. the sun will take 
longer to gel there. Remember to get off Daylight Savings 
Time back to Standard Time! 
f our ‘commen’ standard time meridians are: 


75 degrees EASTERN 
90 degrees CENTRAL 
105 degrees MOUNTAIN 

120 deqrecs PACIFIC 


Here is anut'ier way lo duit. Aoply a formula and not 
outher wilh understanding why it works: 

(your longitude!- (nearest fime meridian) x 4 — Correction 
Тнеп.. Correction + clock time — Iree local time. Be careful 
with the sign (+ OH -) of these numbers. Advance or retard 
your watch accord: 1g ta the sign. 

Whatis the correction (о а clock localed at 118 degrees ал 
July 4th? 

TiFind difference in degrees longitude. Nearest meridian 

15 Pacific at 120 degrees, 118-120 = -2 degrees. 

21M ultiply by 4 m-nutes per degree and add. -2x4 = -B 

minutes. 

50...12 noon Pacitic Daylight Savings Time is really 11 
AM PST. 

Ard...11 AM plus -8 minutes is 10:52 Local lime! 

2151۲ YOUR WATCH TO THIS NEW CORRECTED LOCAL 
TIME: 

Dumb аз it scunds, th:s should make it easier for you 10 
read Ihe charls. 
3JINOW FIND THE CHART FOR YOUR LATITUDE: 

The chartis аге set up in 5 degree intervals from 30 to 50 
degrees. Find the chart that is nearest your latitude. 
4JENTER THE CHART AT THE NEAREST DATE: 

Тһе charts are arranged in 15 day intervals tor a whale 
year. Pick tne day closest to today. 
5]Move over 10 the vertical column correspanding ta the 
nearest hour read on your watch and read the azimuth, The 
intersecting tines of Date and Time will give vau the az. тит 
bear па of the son to True North, The elevation is also given as 
a check for your inclinometer. 

Okay, .tworks. Now how do we tind asalelliie with it? Just 
wail unlil ihesun'sazimuth is the same azimuth as the satellite 
we seek! Then position the dish as we did with the STT Sun 
Compass зи the LNA casts a shadow somewhere along an 
imaginary verlica: line down through the center of the dish. 

Why по! use the STT Sun Compass to verity dish position? 

For instance, here in Hollywood, Calitornia the azimuth 
bearing for Satcom | is about 208 degrees true. We can either 
calibrate the STT Sun Сатра$$ and wait for Ihe sun to hit 208 
degrees, then swing the dish into line or we can find the time 
tne sun will hit 208 degrees from the charts tor our date and 
pomi the dish at the sun а ۱١٣ time. Either way wi'l work and a 
quick adjustment for elevation should be all that's necessary. 
in fact it is possible to point the dish using only the sun and 
never once look ata TV. А: the very worst you should be within 
afew degrees. А fine-lune racking ef the dish will in almost all 
situations bring instant success. 


IMPROVING CHART ACCURACY 

The STT Sun Shot Charts are accurate within .5 decree 
through the year 2000. The way you reach the lim:ts of this 
accuracy is to careful:y calculate your position and time of 
sighting on thesun. 

The + and 15th of the month аге bes! because the chart 
was generaled for those dates. Of course you can interpolate. 
Notice hew few the degrees change from month to month at the 
same hour. Interpolation can be easy. But the azimuth change 
оп апу day looks irregular from hour to haur...and it iS So your 
hes: bet is to stay as close ta the hour as possible. 

Setting your watch io the corrected time can solve the 
problem of forgetting how to apply the correction. Use a 
shortwave receiver tuned to WY ог VVVVVH or CHU to get 
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yourt me right سا‎ the minute Then apply the сог"есИспз. A 
nrautizalalmanac and a goad boos marine navigation can pul 
you exactly on target. But its harc y worth the effort in as 
much as a gertle jockving ot (he disn will put vou on boresig ht 
Іг. no timeat i! 


BONUS...PREDICTING SUN TRANSIT OUTAGE! 

Perhaps you know oy row from the literature that іле Sun 
iets directly behind each sare lite абси: twice a year, The weak 
transi: Her power of ihe sate-lite is 13 match far the sun and 
your receiver. louse à TV phrase. takes black! The signa will 
с-өзррезг ‘ora period af игле (дерелдепі ог many factors but 
mosily due ic the beamwidth of your antenna). If vou runa ТУ 
&tatioa or a Cable system. then solar outage сап be bettes 
атга if you atleastknow when to expezt it. Tc алуоге else, 
175 goad toknow when your system may start саг! up. 

Its hard 10 know precisely wie sclar outages will happen 
unless yol are an astroname" or know something арои! marine 
n^avicalion 16015 But wa.t The sur wil have the azimuth ard 
elevalior as the satellite at the time of an outage, Aha! I^ we 
«now when thesun will have the same coordinates as the 
satellite. we can predict the exact moment of the outage. 

All you need to do is scan the STT Sun Shot Chart for your 
latitude and note tre lime when the sun has about the same 
avimuihard elevation as tre satellite. Еазу15 1117 


FINE TUNING TECHNIQUES REVEALED 

At this ро. лї. it your ecuipment is working Properly ала 
you are tunea *9 à working transpander, you should see some 
kind af a picture. | say 'shoulc' because other variables are 
involved such as ‘sun Gutage . Of course you can verify that Ну 
simply looking at the shadow сая! by your LNA feed point. 
Other preblems you might have are that you may Ве ішпей ‘ха 


MAR Nu x А 
SURPLUS model 616AL generator and a coffee can 
antenna makes a dandy satellite simulator. 
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vertically polarized transponder while уси: antenna feed 18 
harizentally polarized. The test for thal possibility is simple 
enough, but you must remember +o test one thing al a име. 
Tao often уси can fool yourself by changing parts or making 
mere than two adjustments at a time. This is clearly a no-no 
because you can v a«?29wing'y cause sametning to stop working 
which now puis you in tne very unhandy posit.on of having 
mere than one variable tocontrol to gel a picture. 

Let's say you know the equipment is working and you 
know the dish is aimec as best as ihe accuracy of our simple 
instrum er ts will регітіі, What then? Remembering that we 
must change only one thing at a time, we can gently sweep the 
dish a ‘ew degrees left and right of what we believe is Ме 
proper azimuth angle. Small adjustments are safer and while il 
will be very hard 12 contain your excitement, ۱۱ is known fram 
the experience of scores of antenna installers that you must 40 
510۳ |۷ tc acnieve rapid 51.00655. 

M you still haven't received a picture, then you must 
restare the anterna to your best eslimale cf the azimuth angle 
and Бе 1а aciust the elevation angle in small increments 
One adjustment аі а 11181 в 15 the key. 

An allenalive method is to slightly adjust ihe ٤5 
and then re-sweep acrass the aziniuth position. This practice is 
repeated for various elevation angles thal are very near the 
ca culated values. Itis best to start al an elevalion angle on one 
side of the predictec value and work your way through «t each 
time gently sweep:ang the antenna a few degrees оп both sides 
of the predicied azimuth values. You must be careful not ta 
mave the әліспга in 100 large jumps in the elevalion plane ar 
you might miss the bird when you sweep the azimuth plane. 

The measure of ycur ultimate success at this point will be 
totally up to your parlner in {15 project. none other than 
Fdsel Murphy. You may remember him аз that fabled seer who 
said 11 anything can go wrong...it will '. Ridding your TYRO 
of Edsel Murphy's influence is the bane of all satellite 
pioneers, If he has graced yaur stalion with a visit, Iher it’s 
time to adopt stronger measures. 


TUNE-UP METER DETECTOR 


From 70 mc 
output 


71 


HCO 
НЕР Н0700 


001 


{Part uf world's mos! expensive crystal set.) 


FIGURE 24 


It's best to start aver by first checking your equipment for 
proper tur.ng and cable conneclions. An easy way to test your 
entire antenna! МА f receiver set-up 15 to simulate a satellite 
signal by connecting the output of a microwave signal 
generalor to a small an:enna and pointing il at your dish. 
Caffee cans make dandy ‘horn’ antennas as seen here. The 
probe antenna is about 1 inch long and positioned on the end 
{center pin) of an “М” connector located about 1 inch from the 
rear of ihe can. Your ТУ screen should go black as the 
Generator falls within ihe lock-in range of your reciever. 

Perhaps an easier test insIrument is the 'Freebee Photon 
Source ...thesun. Just 3۷ ng your antenna around and point it 
at the sun. A noticeable increase in noise should be seen 
immediately 3s you swing past the sun using the shadow cast 
by the LNA! feed point as a sight. You can use a diode deteclor 
and a meter (figure 24) tied 10 the output of your 76 МНЕ 
strip as an effective indicator and calling it perhaps the world's 
most expensive ‘amplified crystal 5617 ar at least one of the 


Pt 0 إل‎ 


SITS 


WHILE BUTTER-NUT can works very well, who knows the 
output you mighi get {rom а Folger's or Maxwell House can!!! 


world's cneapesi solar radio telescopes! Take your pick. The 
key idea here is la see some kind of change in the noise leve: 
because of the sun. The more the belter 


THIS NONSENSE HAS GOT TO STOP! 

With your equipment thoroughly checked, уси can return 
ta the antenna pointing angles. Recheck your calculations For 
the location of the bird. Crazy asit sounds you can get your own 
coordinates wrong and thereby cause your answers to be 
screwy Check the obvious. Recalculate the position af the 
bird Double check yourselt by usirg the sateHite pointing 
charts, An error ot more than a tew degrees should be suspect. - 

Next study your antenna. Is the LNA really at the focal 
point? An error of an inch or more can mean zere signal into 
your receiver despile the fact the dish is “right оп” the bird. 
Either check with Ihe manufacturer or calculate the focal point 
fram this simple formula . 


focal point = (diameter |2 


16 X deplh 


Next recheck your elevation inclinometer. Is it resting on a 
surface that really is 90 degrees or tangent to the look angle of 
the dish? You can check it to within а degree or two by 
pointing your dish at the sun using the shadow method we 
described before and then seeing if Ihe inclinometer agrecs 
with the sun elevation angle for your location on this date from 
the STT Sun Shot Charts. 

Lastly, recheck your azimuth angle. If you use the sun 
shooter methad. then double check vourself with a compass. 
Just stand some distance away from the antenna with the 
COMPASS oriented for true north (use the Generalized Magnetic 
Variation chart in Appendix В) and eye-ball the azimuth angle 
from you to the center line of the dish. 

If you've checked your eauipment and aligned your dish 
and still дап t have a signal, it's а good idea to shoot far 
another satellite because you will more often than not discover 
your error while going through the routine again. The secret to 
antenna pointing is to reduce the number of variabies. 71 
уды arrive at simple azimuth and elevation angles as the only 
possible variables lefland you know for sure you've aimed your 
antennaright, then and only then can уйи say that the satellite 
is either dead or that samebady must have shot il down: 


GETTING THE TIP OF THE PEAK 
Once ygu' ve had thal magic moment when your first 
picture climbs out of thesparklies you may almost immediate.y 
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warnt te irr prove it. Rocking the antenna back and forth or Lp 
and dowr while looking at Ike piclure works rathier wall |1 
works even better if you tune the receiver to the weakest 
transponder ithe one with Ire most spavklies} and make your 
antenra fine adjustments. 

Aneven better merhod for purists or *hose with marginal 
Size anlenras is W Get a meter on Ihe receiver А simple 
method to use if you don t have а meter is to connect a 
shortwave radio that Pas an 'S' meter сп it to tne video output 
of your receiver and tune “їе radio to a dala carrier on one о“ 
the many data transponders {lune O kHz to 4 MHzi. Some 
receivers have filters ahead of Ine video оџіриі to effectively 
Screen gut the sound carriers above 5 5 MH». It is not {СО 
difficult to зит у open up the receiver with the diagram in 
hand anc tap-into the сиси t just ahead of the video. lowpass 
tiller. In tact а new connector insta led or ihe back of your 
receiver and а line “uring from i1 16 this *ap-into point is а 
worthy addition 50 that you can da same FM musc or data 
subcarrier hunting 1:۰ 


A SHORTWAVE RECEIVER makes a dandy tuning meter. 
The receiver allows tuning in transponder carriers and 
monitoring them with the ‘5° meter long before they are strong 
enough 10 register on TVRO receiver meter [below]. 


Okay, you've connected Ihe radio and discovered you can 
amast ur derstand FM sound on an AM receiver if you tune «t 
right. Instead, tune бог an unmodulated carrier rather than FM 
(there are hundreds between 500 kHz and 3 to 4 MHz on 
npn-video transponders). Now look al the 'S' meter on the 
"ас о. That's your indicator. 11 .t's "pegged' al the lap. уди 
must turn dowr the shorlwave receiver RF gain or install а 
resistive раа 10 со the signal iio the receiver to the роті that 
уси get a convenient reading. Sometimes when Edsel Murphy 
is not around you can discover that ‘Һе nifty video carrier 
lawpass Filter the manufacturer installed is just enough pad то 
attenua:e thc signal and you simply connect the receiver to the 
vices output! 

Now itis a simple matier іо rock the antenna ard watch 
the'S' meler as an indicator. 1 you dan'l have a shortwave 
receiver but still want a meter, then build the super simple 
crystal set in figure 24 and tie ıt to the 70 MHz IF output. If you 
tie the crystal set to 741 IC opamp wired as a DC amp, you саг 
runaline out to your antenna as an outboard ^S' meter and 500 
first hand whal Mappers when you change posilian. 


BUILDING THE MOTORIZED MOUNT 

A lazy Sunday of satellite hopping has eilher gat to he a 
symbol of weirdness in the 805 or the absolute proof that 
you ve got what it takes to reach for and altain Ihe benefits 
from what many thnk is a wild odyssey. Just imagine yourself 
with more than 66 channels at your fingertips. Push a button 
апо your antenna moves from satellite to satellite, as though it 
were hooping fram universe іп universe. 68 channels and 


5115 


Раде26--- 
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Very powerful high torque 12v 
mator cammanly found in auto 


electric windows, 


Small 
rubber-tired 
wheel. 


Adjustable stakes ta 
facilitiate locating 
satellites. 


SATCOM 1 
SATCOM2 
WESTAH 1 
COMSTAR2 
COMSTAR3 


Locate stakes for each satellite 
using STT suncompass. 


Alternate Drive 
Arrangement 


Laundry Pole Mount 


----- Laundry Pole Mount 


Limit 

Switch 
(normally 
closed) 

to prevent 
catastrophes. 


This wheel serves asa 
easier, 


Large Gear‏ * سس 


Bicycle Chain 777 
Small Gear Atop Very High Torque Motor 


growing! And that's just the pictures. By now you know that 
there 15 more than just pictures up there, Wart till you hear Ihe 
stereo music! And how about tying into that ‘greal database in 
the sky'?But we digress, So let's swing back on track and figure 
a cheap way to realize that fazy Sunday of satellite hopping. 

Hanging а motor or two оп amount is really a custom jab, 
but we can slill suggest afew techniques that may steer you (по 
punjin the right direction to quick, Success. Keepin mind now 
that you don't have to know how an LNA works or any other 
technical stuff to motorize your mount. ICs about as easy as 
inslaliing an electrical socket if you car get a strong enough 
motor and some sturdy hardware ta mount it, Levers, gears 
and chain drive conneclion arrangements ara a piece of cake 
once you know how they work. We'll touch on the details as we 
go. 


If you've installed a polar mount and anly intend 10 reach а 
few satelliles, then you may anly need a single motor which you 
would mount an thesingie turning axis, You may choose to use 
а manual 'trailér jack' lo adjust the declination in as much аз 


FIGURE 25 


you inay act need to reach a'l the sae! Цев in view at a lime. On 
the other hand, two motors wili give you warthwhile unlimited 
cortrol. The AZ!EL mount will requ ‘e two motors, Believe it 
or not, installing two motors is not tw:ce as hard as installing 
опе as we sFall soon see, 

Before we get more into the hardware, this might 2e a 
асоа place іс suggest a special case where you actua ly could 
use only one motor and hit every bird. First you build the 
‘Laundry Pole’ maunt and slick a mator on the base af the disti 
as seen in ligure 25. Тһе molor has a gear оп it and enough 
elect? cal w re іо іеї и гоп alorgacurved track around the dase. 
The height af the track is adjustable so the elevatian of each 
saie lile can beprecisery set. But the motor and the track da по! 
necessa-.ly have ta be geared. You could use aw "C Or winch 
approach so the motar would pull the dish along the track. Of 
course the mator must be reversible 50 you can swing Ihe 
antenna in either direction. Another var ation would be ір 
5-тіріу lock the bottom of the dish in the track with something 
as simple as a wheel from a child's мадап and (Реп apply а 
chain drive motor to turr the entire base. ТР.% idea is pure 


STTS 


speculatron ard neecs some hard thinking before it can be 
mace to work. 

By the way, Swan antenna builders might tind this track 
ideais justthe ticket for mounting your ‘cedpoint on a movable 
mauri 50 you toocan change satellites using only one LNA! 


Another style of motor is the linear actuator. What's that? 
It's only a motorized shaft that moves in and out of a pipe. 
Dandy for moving dishes and cheap. A surplus linear actuator 
(Model 387OR) with a throw of nearly 6 inches runs about 
$37.50 from Airbarne Sales, 8503 Steiler Dr., Culver City, 
California. Pholas snow you һом a linear асїшаїог can be 
applied to adjust! azimuth as well as elevation in the fine 
tradition of Roberl Coleman's inexpensive techniques. 


SURPLUS linear actuator bolts righi to ihe dish. 


Suppose you necd more of a throw than 6 -nches? Y pu сап 
use simple levers you build from paris found al the hardware 
slure or the junk yard. Looking al the diagram in figure 27, you 
can double the throw of any moving rod by connecting >t ta ٤۶ 
simple lever arrangement, sometimes called a bell crank. The 
distance lever 'B' moves (your cheapy actuator) is doubled 


6" Movement GIBSON'S BELL CRANK LEVER 


Offsel Pivot 


Actuator к UNO d 


* 
A Small Movement Down Here... Movement 


... Causes a large movement up there. FIGURE 27 
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ACTUATOR 8OLTS 19 a hinge mounted on the azimuth pole. 
Adjusting ihe distance from ihe center of the pole controls the 
number of degrees of rotation. NOTE: This...... 


ISREALLY THIS... 


Moves |n & Out 
Turning Pole. 


Azimuth Pole Of Antenna. 


Cheap Aircraft Acluatar 


Must Be Mounted On 


Hinged Pivol To Work. FIGURE 26 


because lever “АГ (connected to your antenna) 15 twice as far 
‘rom the turning point or *ulerum.Figuring the distances and 
dimensions 15 аз casy as simple proportion arithmetic. 

Another simple method of mov:ng your antenna is 10 use a 
screw jack. You can build a unit like the one іп Figure 28 by 
mounting a long pipe on the end of a motor that turns rather 
slowly (less ihan a few hundred RPM). А single nut is welded 
on the end of ihe pipe. Then a long threaded rod is screwed a 
few iurns into the nut. The other end of the rod is connected to 
the dish. As Ihe motor turns, so does the pipe which causes the 
threaded rod to be screwed deeper inlo the pipe and pulling 
your antenna around on it s axis. 

You can find a good motor bargain from time to time in the 
catalog of Herbach and Rademan Їпс., 401 E. Erie Ave., 
Philadelphia, РА 19134, or the catalog from C & Н Sales, 2176 
E. Colorado Blvd. , Pasadena, California 91107. 

Borth the motor and the rod must turn an their mounts. А 
large doar hinge is a simple solution to this problem. Perhaps 


Page 28 ——— STT 5 
: GIBSON MANUAL 
the key point here is to first understand what you wart to do 


While a belt drive may seem attractive іп as much as 


and then look around for wha: is available ta do it. A trip ta a automobile fan belts are readily avai abie. it's not a good idea 
junk yard to just browse is what we mean, Rather than because a stiff wind may cause your antenna tu slip off the 
"ecommen:z specific components, it is better for you lo see satellite, We need solid rigidity. Backlash or slop in the method 
what's handy and use i: you use to interface the rotor could easily make you feel your 


antenna was Баск on {hal shakey saw horse! Doing it the easy 
ң = " way may not necessarily be the most satisfying later on. Still, 
GIBSON 5 HOME-BREW SCREW JACK ACTUATOR one easy melhod ic interface the metor is to use a simple 
bicycle chain drive. Ууе mus! be careful here to watch for 
backlash ur slop. An adjustable mount Гог the motor to remove 
slack in the chain is an absolute necessity. 


Axis of 
Dish Antenna 


Acme 
Threaded Rod 


Motor slowly screws threaded 
rod into pipe causing dish 
antenna 10 lurn on azimuth axis, 


NutWelded 5 {works ол palar mounts too). 


This aclion,.. 
... causes this reaction. 


Shaft Motor Mounted On 

Coupling Орог Hinge Allowing 
Б It TaPivot During 

Operation. 

Small Mator 


FIGURE 28 


HORIZONTAL screw jack used for azimuth axis. 


The secret, Тапу, to making sprockets and chains work for 
you is to know so metb.nq about ratios. V/hen a small gear 
Takes a turn, it causes a larger connecting gear to make less 
than a turn The possible arrangements available 10) you ace 
endless and you can calculate wha! you may need from simple 
Farm alas Кі in any complete gear catalog. One popular gear 
corr папу is Boston Gear and you сап оа their thick catalog 
by writing Boston Gear, 14 Hayward St., Quincy, Mass. 02171. 
[hey һауе branch offices in other major cities which would be 
only too happy to supply you with more info on gears, chains 
and sprockets (Pan you can digest in a week! 

Installing a chain drive arrangement ts a piece of cake. 
Bicycle спа л i5 easy to find and а small sprockel slipped onta 
the shaft cf your motor is all you ۹3۱۱۲ need. In tact, you can Ча 
itall with a single sprocket! The idea here is thal you wrap the 
cnain arcund the turning axis of the antenna and secure it as 
seen in figure 29. The тоог moves the chain and the antenna 
well stil turn, bul paly one sprocket is needed. All you have to 
da la maxe this neat trick work 1$ to use care in the positianing 
of your mutor. 


POWER SUPPLIES AND CONTROLS 

The kind of controller you build will largely depend ол the 
түре of malers yeu. "stal'. You may need only a few swilches 
and seme extension cords if you natali AC motors. Bula high 
2 : currert power supp у will be necessary if you use DC molars, 
i i While this may atfirstsaundl ke a ood reason 10 avoid DC and 
use AC, we shauld remember to use whatever may be at hand 
ar a gaod bargain. Fur inslarce, an automobile electric window 
пихог has төгіс torque and junk yards sell them. The military 
surglus таке! ıs loacec with DC motor bargains. 

The high currert supply can be as simple as a car or 
mctarcycle battery or more comolex with interlocking limit 
switches lo keep your antenna from turning 100 far. In fact, the 
inte” oc«ing limit switches are a good idea no matter what you 
SCREW JACK In useasa polar mount. choose 10 usc in the AC or OC department. 


At Right Limit $ MOTOR CHAIN WRAP. 


Cenler of Azimuth Pole 


Satellite 


Belt 
el ху 
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Rolt or Weld 
Chain To Pole 


A1 Lefl Limit 


Swilching Ihe motors on and off can be done with solid 
State controllers ar simple relays. Keeping it simple has it's 
advantages. We must use some kind of indirect control in as 
much as switching 20 amps of mator current from over 200 feet 
away at your TV set is not lao practical. Locating the supply or 
battery nearby and using law voltage relay controls is an easy 
way lo give уйи that ‘armchair’ control we were talking about. 
The circuit diagram in figure 30 uses such an approach so that 
the contral box сап be plugged in al the dish for testing as well. 


LOCAL CONTROL BOX duplicates the functions tound at the 
‘Armchair’ and computer. 


Pcsition Small Geared 
Motor Opposite Center 
о: Satelite Вай. 


س ہے 
سے 


= The theoretica maximum limis imposed by the bolt is 180 


degrecs In fact however. the limits are somewhat less, hut 
thal shouldn't present you with any problems. 


Onn, 7 

д FA ow <. 

6 Come? 4 
= 


Well. because the practical horizon ір horizon reach is only 150 
degrees in the northern hemisphere. How do уди like them 

? 
apples? FIGURE 29 


Interlock contracts 10 the motors л figure 32 are used in 
the zircuil 1с obviate a calastrophe. The relays are simply 
cheapy 12 vol! Guard:an ОРОТ wired in parallel. They are fed 
15 volts however to compensate for voltage drop а! the way 
back to the TV. А remote buttor c.osure graurds the otter end 
of the relay connected through the гээ contacts at the motors 
or actuators. Тһе exact arrangement of the relay controls may 
very wel depend ол Ihe motors you use. but the relay coil 


CONTROLLER IS MOUNTED іп an old equipmant case 
trocated near ihe antenna in garage. Jones plugs feed power ta 
the motors over household lamp cord to drop motor voltage so 
dish moves at samething less than Warp Factor 4. Small box at 
righi is protected LNA supply. 
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CONTROLLER BOX 


125VAC 


12 Pin Jones 
Cantro! Line 
Input 
1,0------------ 


е RCA Jack 


LNA PWR 2 


FIGURE 30 
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REMOTE BOX 
Àr- west 


12 Pin Jones Female 


12»------- 8 


Switchcraft 
Buttons 


? 11 
Unused 


AL 


FIGURE 31 


circuits used here are particularly useful ‘or later expansion 1c 
computer conirol яз we shall saor 506. 

The supply should ое mounted as close to the dish as 
possible. I^ my installatior where the linear actuators were 
usec, the 26 velis DC made the actuators move too fast. 
Supalving their voltagc through household lamp cord provided 
a convenient voltage drap. Al Ihe relays and associated 
hardware werr: mounted on a rack panel and ba'ted into an o'd 
equipment enclosure. 8 pin Jones plugs were used for eacn 
аси. а1ог (Az 2 | апд polarization). 


MOUNTED on a 19 inch rack panel, Guardian relays control 
the dish drive motars. 


lhe feed from the house is a 12 pair #22 cable alsa 
terminated in а Jones plug i! got a lot of “em in my junk box). 
While the entirc interface could have been operated on a single 
рае by tne clever use of UAATS or the nifty BSR Бетіме 
Commard Units sold by Sears, I totally agree with the wisdom 
of Taylor Howard thal‘... there are better ways to dc each and 
every circuit here, but life is too short..." and besides, | 
already had 200 feel of 12 pair саре! 

The remote сотїго! box in figure 31 can also be plugged in 


ا 
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PWR Plug 
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ACTUATOR MOTOR 
DETAIL 
А-1 
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FIGURE 32 


at the anlenna for adjustments by a second Jones plug Ihat 
siraly parallels. the first. LED s sleal current trom the relays 
ав polar'zaticn indicators. The computer interface and LNA 
power also feed 16 0۱۰. ات‎ the controller box 


KNOWING WHICH WAY YOU'RE POINTED 

Without a deubt, motorizing your таш! is а qiant step to 
the ultimate convenience of true armchair antenna control, The 
only problem is that you must always be checking your 
inclinomelter анд гаг azimuth to see if you are near the satel'ile 
you want Then you must swing back and forth on both planes 
us: ig some of the methads we've described to lock on the bird. 
T^ere mast be a betler way!! 

Enter the position feedback сопіг:н...а way to see where 
{һе antenna is pointed at any given instant, Naturally the 
accuracy of your abihty to tird à point in the sky will be only ав 
good as yaur indicator. Sn you must be reasonably careful of 
what you do ana how you do ıt. Two methods are open to you. 
The сона! method and the analog method, Both as you тау 
һас guessed have their advantage and drawbacks. 

For mast people, the digital method ts more complex to 
understand (much less build) 50 let's hit on it quickly for those 
that may want to use il and then move on to the more simpler 
araltig rmethoc and steps we must take lo make 11 almost as 
good as the digital method. Why is the digital method more 
accurate? Most of ihat question might be answered by saying 
that the accuracy af any reading we gel will be affectec by the 
way we desig? the interface. Reading an LED or LCD display of 
cecimal numbers may be more accurate than а meter, but 
thats nct IPe reason. Thats Ihe readout. The ability to split 
hairs is à belter way to say и. Remember - ov’ geal is lû find a 
single spot іг (Ре sky with better tran a degree of accuracy. 

Sa the actual device thai does the translation of telling the 
readout where your antenna is pointed has got іс be the кеу. In 
digital form it can be a bar code strip like you find printed on 
just ахал anything you buy nowadays at the supermarket. The 
Баг code strip can actually be along strip thal might be pasted 
on the center azimuth pole of your maunt (figure 33). An optical 
light pen would then read the bars as Ihe pole turns. When the 
pen sees а Баг, it outputs a togic 1 ur a pius vollage whicn may 
for many light pens he roughly 5 volts DC. When no bar or a 
Space :8 scen by the light pen, it outputs a logic D or semething 
like zero volts DC. The output can be either 5 volts or Ô volts 
depending on what the light pen sees ai алу instant. Turning 
your antenna моц, Ч cause the light pen ta see alternating bars 
and spaces. The readoul is à Stream of hits or to be more 
specific а «ind of square wave whose frequency is wholly 
deuende it or the speed af rotation. 
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DIGITAL DISH POSITION INDICATOR 


Outdoors 
- - 4rtenna Turning Axis 


Bar Code 
strip —>` 


Lite Pen 


How do you turn thal into numbers we can understand? А 
frequency counter wouldn't work because it would only tel you 
the specd of ratation and we don'! need to know that. However 
another kind of counler would work. An event counter. 
Suppose we just count the number ct bits thal go by the light 
pen as the antenna turns. If the bits were posilioned а! one 
degree intervals, then we would get an output bit or pulse or 
count every time a bar went by. Neat huh? We could even use 
опе of those cheapy counter modules you may have seen al 
Radio Shack as a readoul. 

The idea won't work though because we could only go in 
one direction and slop. We could never go back because the 
light pen would only record changes or events and Ihe counter 
would continue counting up and up while it should be going 


Courier 


Indcars 


FIGURE 33 


down! Several possibilities exist for overcoming this problem. 
Ore simp esolut.onis to install а secand bar code strip slightly 
staggered from the first and use a second light pen setup to 
read it. The output from the second light pen woule be 
different in time trom that of the first if your antenna rotation 
were to change direction. Th.s dil'erence could signal the 
counter to do up or down. 

5111| another problem exists for the digital shaft encoder as 
и is called. 1f you lose power to Ihe circuit, you also lose the 
known position of the antenna. The circuit furgels. True. you 
could devise a way to reset a digital display once power is 
restored аг you cou!d move the antenna back te the beginning 
panl and start over. The technique is called indexing and is 
one of digitals great drawbacks. A very good circuil to 


A FRICTION DRIVE optical encoder 
telescope digital readoui. Note ihe 
iransducers against the stripe wheel. 


feeds the Tuthill 
two small optical 


THE TUTHILL ENCODERS work very well for an evenings 
lelescape viewing but the friction feed must be replaced for 
more exaci satellite readings. 
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accomplish digilal teedback appeared in Sky and Telescope for 
August 1977. 

If the idea of an optical coupled position readout sounds 
good. Би: you want a finished unit rather than building one, 
you might try a unit built for amaleur telescopes sold by Roger 
Tuthill, Зас., Box 1086, 11 Tanglewood Lane, Mountainside, 
NJ 07092. Pictured here 15 a unit you program to read position 
from twin optical encoders. While the unit works very well on 
telescopes, a more direct coupling is needed for long term 
stabilty ai readings. Infact, solving the power supply and solid 
coupling oroblem would make this unit just avoul the best 
method though nat the cheapest you could employ. 


CONNECTING A POT TO A DISH 

И you can stand to see your accuracy of position drop 
somewhat Iken уан might consider the very simale idea ol 
connecting a movab.e patentiameter or rheostat to the turning 
axis of your antenna. The changing resistance of the pot as the 
antenna turns can change voltage or frequency readouts. 


ANALOG DISH POSITION INDICATOR 
[x Antenna Turnirg Axis 
e 


| Regulated | 
|5У Supoly . i 


ШШ 


Timing Be!t 
LLO 


Multimeter- 
Reads Volts 


Outdoors 


FIGURE 34 


To attempt to boost the accuracy back up to a respectable 
level, amuli turn pot should бе used. It should also have good 
linearity. No leg or audia taper units, Crazy as it sounds, the 
resistance of cheapy pots does поі change evenly ав you twist 
Irom опе ела зэ the other. In fact, acomputer test arrangemen: 
wi' reveal that 1: can look like the ragged edge эҒ а lorg 
mountain range as tne resistancechanges Good precision pols 
grenotcheap You can buy them surplus to save a ‘ew dollars. 
A very guod suurce af precision linear pots thal sell Belov $10 is 
Beckman Instruments, 2500 Harbor Blvd., Fullerton, СА 
92634. 1 heir moder 7286 1К 10 turn puts mighl ke what yau 
wart. 


THE 555 STRIKES AGAIN! 

Ап casy way to "ead pct pos tion is to Lsa the рерь‘аг 555 
IC timer as an oscillator, Tne pot can change the ۷ 
wich you read with а *requency counter or use алділег 555 to 
irtegrate and read a voltage. Later on. you might want to tie 
yDur5^55into a computer as a one-shot whose pulse duration is 
very careful y timeo by the computerin accurter loop. 

The only problem will he getting ёпалдП resistance 
change tc cause a large change ir frequency. We are back to 
tbe proslen of ро: linearity, Precision pols you find on the 
Surptus тагкеї аге тсе han i«ely in the 1k to 13« range. The 
simple voltage readout begins о lack bel’er al the tune. 

How many turns are necessary? Much of the answer 
ceperds эл the way you connect the pot tc the anterna. 
Wit^out geirg inte correcting methods yet, we should say 
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here that the maximum number of degrees of rotation your 
antenna wil! turn should equal the maximum number of 
degrees the pol can turn. Saying i1 another way, you should use 
ali of the resistance in the poi to achieve maximum accuracy. 
So the pot will be at one end of it's slider when your antenna is 
at the limits of one axis and the pot wil: turn to the end uf it's 
rotation (451 aboul the time your antenna arrives at the enc of 
Ms swing. 


The advanlage of a multi-lurr: pol is that a il spreads out 
ihe resistance scale we want to read and il will alsa interface 
раза to the antenna. The key point to remember here is to be 
sure that all the ро! is used. 1! your connection arrangement 
wi спу cause а ratalron ef perhaps 3 turns, then find а 3 turn 
pot or change the ratiy loa value that fita the pot you have. 

How you саппес! the oot to your antenna is really 
dependen: on (he way your mourt is buil We can however 
suggest twa very good methods. You wil either need la 


'rarslate linea" mation to rotatior or rotation tu ralafion. 
Actually, other methods do exist, but Ihese methods are easy 
to Ну because Ihe hardware is readily available. 


A SMALL TIMING belt and gear from PIC Design interfaces а 
surplus linear pot ta the antenna. 


Rolation ta rotation is simply cornecting the pat through a 
gear or belt or chain to the antenna. You can install the pat in a 
тиги; on the fixed part ct ihe mount and connect a sysler of 
gears or Iry an easier way Бу ustal ing a gear belt. [he antenna 
relation will cause the pot io turn. Тһе size of the gears will 
govern the number of turns your pot w:ll turn. Ve can save 
апап as we did wilk tne motors on the mount by carefully 
шанга the po: at a рогі opposite the center position of ме 
шіп ng axis. In а photo we see how to accomplish. this 
pasrizning so Ша! a single gear is all that is required. This 
clever technique only works if the rotation is less than 180 
degraes because tne length of tne gear Бей маш then be 
reouired to change. Lucy for us. we only need ір change the 
роз йл of our anter na 150 degrees or so or the azimu plane 
iim North America) anc even less on the elevation plane. 

А very good source of sma! gears for pots is PIC Design a: 
8842 Van Nuys Blvd., Van Nuys, СА 91405. They sell a large 
setection of belts. pulleys and chains. Their cataiog is a 
compete technical reference on gear and gear bell design. 

Linear motion 10 rotation is very similar ta rotation to 
пнайоп А rcd о” any movable axis altachec to Ihe antenna 
becumes the axis of irear motion and we simply connect 
sornetning like a small timing belt to that point and wrap it 
aro, nd a gear Ihat has been installed спа pot. We can return 
tne belt tc the turnirg axis with some difficulty or we can 
simply let itcontinue on as a linear molion and tie а weight fait 
sc that the force of gravity will keep it taut. 


GRAVITY FEED converts lingar motion іс rotation for the 
elevation pot interface. The timing beli is connected іс the dish 
with a hose clamp. 


While it may seem a good idea lo simply lie the shaft of the 
wit tà your motor shaft arrangement, the besl advice is don't 
da i1! Besides the obvious problem of gearing dawn 10 the pot, 
уси have the probiem сї slop in your molar arrangement being 
acded to the pot position as error We've got to reduce error 
and backlash. Мо matler which way уау" antenna turns, (ће pot 
must папу respond with a corresponding change. Failure 
to work this kink Out of your interface may cause а 101 nf grief 
later, 


MICROS DO IT BETTER 

The ultimate control fur yourantenna syster has got 10 Бе 
acomputer. Until recently, the very idea ot owning a computer 
let alone using one for a specific purpose was 100 expensive and 
nut al all practical. [hen along came the microprocessor and 
Radio Shack hot on it's heels tochangea | that. 

While many may like the idea of a dedicated processor to 
steer the dish, the advantages of using a general purpose 
computer instead are great, The genera' purpose computer is 
more cost effective because you won't be scanning the sk ys all 
the time and therefore you can put the machine lo work an 
other fun tasks such as balancing the спескхиж ог designing 
your own Style parabolic antenna ar better yet, decoding some 
of the News data feeds on variaus transpunders. The 'Big Data 
Base in the Sky' is there. The Apple, Pet or Radio Shack 
(TRS-80) compulers will do these robs and more at a very 
reasonable pr ice. 

As you may have discovered, just about anyone can learn 
10 program or even build a computer. 155 all in the way you 
attack the projecl. For many, the idea of trading hardware 
problems for software solutions is hard to accept. The notion 
that you can cul the wiring to а minimum with a piece of 
software has got ta be praven to the doubting Thomas types. 

In ¿ts mosi simple form. the compu:er gathers 
information fram the outside warld and, dependirg on the 
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Interface 


FIGURE 35 


decisions made Бу the program. sends commards back out 10 
control mechanisms connected 10 the interface. The secret 10 
maung such a simpe arrangement work is in Ine software and 
the interface. 

The specific application here is to move the antenna on 
command to any satellite that can be received by simp y 
contrclling the re'ays thal drive the steering motors. Тһе 
program sees were the dish is at any instart by reading the 
posit on readout pats with ar araleg to digita converter cb: p. 
Based on that informat or, the program ssues commands to 
Ihe тотог tc move in whatever direction is necessary to find 
Ihe satellite. 


PAINLESS INTERFACING 

Lots of things batch up a compuler interface to the nutsice 
world. Giving misinformation to the camputer and 'orgetting 
lo leave yourself a human nvercide loophole rate pretty high. 
Tre :lerface design here seeks to overcome these prob'ems by 
first of all operating independent of the manual control box. 
Ve just hang the interface on the lines. 

Beating the misin'ormation prob em is harder. The kinds 


of annoyances we Fad with readouts and the like are magnified 
to the ture of an orchestra we can 1 even hear because ittle 


subtleties we can't actually see let a.ore differentiate may 


Тату Room 


о Ср л RNG -= 


cause the program lo make a dec sion IPatis wrong. Accurate y 
converting analog оо! positions to digilal data can be а real 
hassie as we've already seen. A combination of hardware and 
software are necessary lucet tne right info. 

Also the sperd with which a decis on may be made anc а 
command given are several orders of magnitude greater thar 
the ability ot the hardware we control 10) respond. But IPat's a 
sattware prob-em we can solve in due DIJI SE. 


OUTPUT DATA PORTS 

Like we said before, our design goal is to devise a simple 
interface that we can ‘hang' anto our manual control ines sp 
tnat we are never aslave ta the camputer if И just happens to 40 
beily-up just when we want to swirg over to thal soccer match 
on Westar 2. We can install more relays to control the antenna 
таг lines but it would be easier lo use a batch of cheapy 
transistors from Radia Shack at 15 cents apiece. 

In figure 36, we see the transistors hanging on the relay 
control lines. The emiitlers of the transisio’s are grounded and 
the collectors are tied lo each ine. All that remains is to aoply 
enough current to tne base to turn on the transistor and bring 
the appropriate motor reay line low. thereby turning on that 
particular mator sa long as the base gels juice. The computer 
can output ап appropriate voltage to do the job fram an output 
port. Since most oulpul data parts are B bits wide, itis possible 
to hang up 108 trarsistors at orte on the port. That means we 
can control 8 things with әліу опе port. Besides the obvious 
azimuth and elevation, we can rotate the feed for polarization 
солгой ar even control security ights or power atthe ٤۰ 

How does computer data operate the transistors? Turning 
or each bit of Ihe port will turn on each transistor. So the actual 
data that outputs is really a function of bit positions alone. If 
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ihe ‘azimuth west’ motor control transistor were оп ‘he first 
b t, chen a birary 00000001 seni to the output рогі would turn 
en that trans stor. The azimulF сая! control trarsiszo" on bit Z 
could be turned on with a 00000010. Sending a binary 9060001 ' 
Inthe output part world turn on both east and west transistors 
алс whe knows what would happen! You can install all kinds of 
interlocking sentacts on your relays 0” you can use caution on 
the software output bits. 


ANALOG DATA INPUT PORT 

Several metheds can be used to read the разной af your 
artenna nlc Ihe zcmputer. An external counter can present à 
BCD word to a parallel input port. By now you kipw the 
problems of this method in ав much as the circuit must 
remember at all t;mes the positior of your antenna. 1t you shut 
off the power, it forgets everylh.^g You must re-index by 
moving your antenna back to position 0 and resetting the 
counter Or you must reprogram the counter with same extra 
cucuiby for the position you were al last. That's casy if you 
were already оп u satellite. You know where ії is. On the other 
hand you might not. Cdsel Murphy may have been cut there 
push'ir on your dish! 

A slightly less accurale but sure-fire way is Ie interlock а 
small potentiometer to :he anterna so that a change in position 
causes a change in resistance. As with our earlier readcut 
methods, the resistance change сап be seen as a change ІП 
voltage o" frequency. We can read the voltage change with a 
single chip analog to digilal converter, Then use the digital 
werd we get or change ıt to degrees of position by scaling. 

On the aiher hand, we can use the pot to change 
frequency. To calculate the change in frequency, we count the 
numps of times Ire program does the twostep (а loop 
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caunier? оман а period of зау өле сус e of the frequency. Тһе 
555 IC timer chip strikes адагл аз ал oscillator or computer 
controlled orc-sho:! It's really a pocr man's A; D converter. Of 
course the orice of a typical А/О chip is hever:ng near $5. Sa 
the questicn о’ how poor you wart ‘a gois really up to you. 

Consider tao if y cu will tra: tne AiO converter chip we use 
may Pave up to 16 inputs! Think of the possibilit es. Nat only 
бал we see Ihe pusitian of the dish, bu! we рап measure Ine 
relay si пріу voltage. the LNA voltage. read the signalintensity 
иг take the LNA's temperature. Add to that the possibility af 
know:ng the exact rotatioral position of the feed in degrees and 
the status ol a few burg'aralarm serso'sat іле antenna. You'll 
sleep belier топ. aht knowing that old Edsel can * make o't wilh 
your expens.ve LNA! 


TRS-80 INTERFACING 

You don't necessarily fave to use the TRS-8D as you" 
controllirg computer. The interface described here is 
canstructec ir a way Їла! will allow you "то te it to your owr 
preferred processa". : testec тіге or a S-100 IMSAI. Tne 
ТН5-86 ccirpuler was chosen instead اہ‎ a dedicated processar 
because the campuler can Ве nsed for à nost of other jans when 
it's nit turning yeur antenra, If youstill like the dedicalec Бэх, 
then «пай 73 magazine for May 198€ where а Kim mire is 
used. 

Getting the handy-dandy Radio Shack TRS-80 compu'er 
interfacee to your artenna drive controls is a piece of cake 
cespite the faci Falher Tardy had, no doubt, not even tne 
faintest noticn his litile "trash 80. could do it, The only real 
world interface that Tandy sells ties only to their products so 
you must be contert lo use someone else's generahzed 
interface or design your own. We opted for the latter not only 
asa matter of convenience, but price too. 

If you've read the cataiog, you know that Ihe ТА$-80 is 
available wiih 2 kinds of ROM's jread only memories) The 
Level 1 version has а copy of Tiny Basic in И Tiny Basic is a 
simple anguage that is ideal for learning the ABC's of 
cunpulers, but пої а‘ all adequate for automated dish control. 
What we need then is the other version called Level 2 which has 
alarger ROM ard a very high level Basic language. 

Of course you can use the | evel 1 computer if you do all 
your programing іп machire iarquage This is not 
recom Ten ded if yuu are a rew comer to computers. In fact. it's 
not a good idea even И machine language is your ‘second’ 
larguage because many at (Fe really nitty routines you m-ght 
use are not in the Level 1 ROM and you must theretore write 
them yourselt. Re inventing the wheel is done every day. But 
you can avoid il if you plu vk down something over a 'C' note 
more for your computer and get Ihe Level 2 lingo. 


THE TRS-80 BUSS AND OTHER VEHICLES 

Like most microcomputers, Ihe TRS-BD uses a bidirec- 
tional data truss ала therefore we must share 115 use wilh the 
memory, the display CRT and Ihe program itself. The trick we 
use to geta dish Iu move or read it's position is 10 build a simple 

nput/output part to the computer so that signals from the 
processor will lell the port interface circuits when to either 
input or output data. 

The two port control signals from the 280 micraprocesso" 
chip (tne “ва! guts of the TRS 80) are appropriately named in 
ard out and are always referred to relative 10 the processor, 
Whenever the processor wants dala fram a device at one of ils 
255 possible ports, it simply executes an in command and 
expects tû sec input data on the buss. Likewise an өші wil! place 
output data on the buss. The only trick is bow Ihe processor ог 
the interfaces for that matter know whois loinput or output the 
data. Rememher we said Ihe data buss is shared by all. 

What we need is really another buss Ihat tells each device 
if it is on call by the processor. This buss ts called the address 
buss andit not only selects the ports we want but is also used to 
acdress all the memory in your computer. Wilh more than 
65.000 memory locations possible with a 280, we need 16 
address lines to find any memory racation. But to find all 256 
eassible | /O port, the 280 only needs 8 address lines. So only 
the lower 8 lines are needed to address a port. (Actually the 
port address also appears on the upper 3 rines 100). 
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All we need toinpul or output data аге the lower 8 address 
lines, the in and out signals ard the data buss...and a few 
Software routines. Sourds simp.e enough hardware-wise so 
far. Wherc are the hidder gotchas? Wel', for one ihing the in 
and өші are "negative logic. They narmal'y hang in there at 
about 5 volts and drop to 0 Io signal input or output. Then 
you ve get a problem The ۲8-80 can't input or output. It will 
jus: sit there and stare al you. You |f have the same problem if 
you shortaà data buss or address buss line. You can usualy terl 
when you ve dore it because the screen will go bananas. Neat 
signal зу? 


DISGUSTINGLY SIMPLE CIRCUIT 

Tre goal is ta decode а рогі and cilher input or output data 
to the dish drive cantra's, The problem is that the address buss 
ard ihe data bus ала the 17 О commands іп and out must be 
decoded al the same lime. If we break the problem dawn inta а 
few pieces. we can make it very easy lo understand as well as 
find 13 asimple 7۰ 

Starting firsi with acdress decoding. we need to know 
when the computer is сай б on the dish antenna port which we 
must dei ле wilhanumber frein © to 255 decumal. 

We must be kind of caretulat times when we say a number 
because several number systems are used when dealing with 
cmnpu:ers. This is no big deal in as much as the amounts may 
be the same, but the way they are represented is different. 
When ihe address buss has à zero on И, а.18 bits are Û. It looks 
ке 1۰ as you loak in: 600000000. Likewise а 255 on the buss 
would have the binary equivatent of 255 decimal which is 
11111111 ог to save time and space...part FF in the 
hexazecimal system. Don't worry. 255 15 still 255, bul ihe athe 
ways of expressing ari uumber may he more convenient when we 
slartkicking bits around. 


SO MUCH FOR THEORY 

An almas! infinite number of combinations of port 
сесос ng methods are possible. Every designer has his pet 
method The 741: 530 plus inverter pius NOR gate is often used. 
You see it in many commercial pieces. of equipment. A 
variation on this method is ta use the popular 8131 decoder 
instead of the 741 530 because tne pin positions allow you to 
easily apply а grouncing DIP switch nearby ta change 
addresses Very convenient аз seen пеге in the interface board 
diagram, figure 37. We applied it here in Ihe STT interface so 
that you could change or modity the interface to suit your 
reeds Youcan leave oul the DIP switch and just ground all the 
pins tne switch would grounc anyway. Leave out the pull-up 
resistors too. The saftware was written for an all switches 
с oser configuratior, 


125VAC 


INTCHFACE POWER 
FIGURE 37A 


JUST ONE OUTPUT PORT CHIP! 


Remember those е transistors we wanted to turn on? 


We simply lie then to an MC6882B 8 brt latch, a neat chip 10 


Page 37 


STTS | GIBSON MANUAL 


TRS-80 INTERFACE BOARD 


TRS-80 Buss 
12 Out Q 


19 In © 


To Data Buss 


FIGURE 37 
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grab the data off he 780 buss and hold it. Remember, the data 
we want may only be on the buss Гог a few microsecands. 
Hardly enough time to turn an the transistor let alone move 
your antenna. [he MC6BB2D will grab data and make us а 
сору” of it on the output every time a chip select pulse is 
applied to pin 11. 50 whatever we send it bitwise just hangs 
there on the output until we change it with arother seleci 
pulse. We can use the decodec port address pulse with the 280 
out iine and call that our chip select pulse to latch all the data. 
The arrangement 15 called a parallel dala output port because 
we can present ê bits of data to the outside world all ai the same 
time. 

AI! that remains is la connect the transistors to the output 
Ihrough current limiting resistars and write some software to 
lurn on each hit upon command. The resistors you chose to use 
should be no less than 330 anms la keep from exceeding the 
ratings of the MC6882R anc are wholly dependent on Ehe bela 
of the transistors and the relay current they hold оп. Jf the relay 
draws 100 mA and the beta of the transistur were 50. we'd 
smply divide the bela into the current demard to see Ile input 
current needed to turn оп the transistor. In our example we'd 
need 2 mA. II would bea very даса idea to double the current to 
she transistor and to use transistors with at least twice IPe beta 
since, tor bargain basement transistors, the beta spec may be 
darned near anything! 

The software is the easiest part. If a transistor is (іса to 
each output port bit, then turning on that bit turns en Ihe 
fransistar. While you may think a computer deas with 
numbers. it really geals with symbols and patterns. А 
particular bit paler n will turn an certain bits. We use ۱۱۰۶٤۹ 
as symbols to represent these patterns. 

А pattern that would turn on Iransistor 3 гергеѕегіеф here 
would have the binary pattern of 00000100 and :s symbolized 
by Ihe decimal number 4. If ve know the number equivalent far 
each 561 of bil patterns, then programming will эе a piece ol 
cake. And ıi we turn on only one transistor at a time, we only 
noec to know 8 numbers or patterns In decimal. trey are... f, 
2.4.8. 16, 32. 64, 128. That's all! 

Port'O' 15 decaded by the support chips consisting of the 
8131 on address lines АЗ to АТ, and a 741527 оп address lines 
А) to A2. The chip select pulse from the 8131 and the out line 
are ORed with the output of the 741527 on AQ-A2. when all 
these conditions "bottom out’ with the help trom a lone 7400 
wıred as an inver'er, pia Bof thecther half of Ihe 7415927 will go 
таг and зе ect the 6882B wh ich will latch the data off the buss. 


CHEAP A/D CONVERTER 

National makes an inexpensive (6 bucks) A/D converter 
that will give us reasonable accuracy and at ihe same time be 
very simpte to interface 1o our cornpuler Unlike many 
canverters sold today, this chip (АОСОН09) needs only а cluck 
pulse train to run it. No other support chips are needed. The 
output is tri-stated which means we can hang it right on the 
TRS 80 data buss. The extra added feature of this particular 
converter is thal il has 8 inputs! Using an internal multiplexing 
scheme, you can address 8 ports af analog data which .s mere 
than enough for antenna pos-tion info and LNA or controller 
power supply voltages. You might even have à few inputs left 
over for a couple of joy-sticks for games. 

The clock to drive Ihe converter is made up from a few 
7400 gates tied inte a simple oscillator configuration runring at 
about 520 kHz. The output :s buffered hy another gate. The 3 
luwer address lines of the ТН5-80 address huss аге conrected lo 
the сопуе {ег نو‎ Ihat we can address all 8 analog ports. 
Hemerrber that 3 bits can give us Lo نا‎ 8 combinations if we 
also coun: zero. 

A single 741502 NOH gate wired as an inverter is used te 
slart Ihe A/D converter from the processor out line. We set the 
address latch within to remind it that the lower 8 bits on the 
aderess bus have the number of the input we want to convert, 
In аз muchas we must specify an address іо slart conversion, а 
convenient method is to execute an out to that address. П 
doesn't matter what we outpul unless an outpul port is tied to 
that address. In the STT interface. the ports are numbered б to 
7 for input. And to save chips, port 0 is also an outpul port. So 
we must be careful (at least for port 0) to output only zeros lo 
that port else we might move the antenna while we were пуб 
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*o read il! 

The sequence of events goes like this... the program te ls 
the processor lo output а 0 (B zeros in paral el) to one of the 
analog ports. This causes the A'D to start corversicn on the 
port selected because we gave it ar acdress trom the adcress 
bussas well asasignal toslart conversion tram the gut lire. 

The actual conversion taxes oniy 100 microseconds and 
you can cilher devise an elasora:o scheme ta signal your 
computer when the conversion is finished or you сап wait 
something mere thar 100 microseconds 11 a delay loop and 
then read the data from the converter. If vou program the 
converter :n basic as we have done because of hardware soeed, 
then the problem takes care of sell inas much as basic is much 
slower. Speec isreally no! important wren we consider that the 
antenna and mechanical controls are severa. thousards uf 
times slower, a point many designers overlook. 

At the end ot our ‘period of anticipation’ we input Ire 
analog cata as acigital word from С to 255 or as bit positions go, 
00000000 ta 11111171. The way we do this s te address the 
right analog port and do an In (INP in Basc) nst'uctian which 
will cause the converter Io jam tre data anto the buss long 
ereugch^ for the processor (0 grabit. The A f D chips are wired in 
aratiometr c conf:guraticn which ıs self-scaling. H's up to the 
program at that point. 


CONSTRUCTION TIPS 

Despite the fact you can'l run A/D chip lines all over ihe 
place for fear ot system crashing noise, it's possible to 
wirewrap the board. Consisting of only 6 chips, а wirewrap job 
snould take very little sime. If ycu ve never tried wirewrap. you 
may discover it's just the ticket tor quicky stutt because ils 
easy. All of the fix uns are a1 Radio Shack. 


WHILE WIREWRAP may look like a hodge-podge 10 PC board 
enthusiasts. it's faster and mistakes can be correcled quickly. 
Despite what you may think, the actual wirewrap connection 
has been proven to be just as good as solder in applications like 
this. 


Mount (Рс baard ал astardoff or twoalong wiih the power 
supply in a sma | metal box, Ran ribbon cable to the screen 
printer рогі ол your RS expansion мегѓасе or їс the 40 p. ^ 
buss on tne rear of the computer, Keep the cable аз sart 25 
possible. Two Jones jacks are mounied o^ tne case "ear to 
loap-thraugh Ihe remote nox ir the TV room. 


INTERFACE TEST PROGRAMS . 

One of the nifty features of computers is the ability to 
program ‘hem to find problems with hardware. This is mcre o* 
the рг losophy we hit an сеге of finding ways to trade 
hardware problems for software sclutions. Nothirg beats a 
dual trace scope with storage for computer hardware 
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#0 ' 
30 ' OUTPUT FORT 'ü' TESTER 
40 ' 


THO ' жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж 


60 ' (021980 STEPHEN GIYIBSGON 

70! 

80 CLS3XNFUT"WANT HARDWARE TEST INFOQ Y/N "РАФ ТЕ аж="Ү" THEN GUSUE 210 
90 CLSIPRINTGZiI:z»"OUTPUT FORT 0 TESTER" 

100 PRINT 

110 PRINT TARSO INPUT ELT NUMBERS 1-8 TO TEST WITH LOGIC ۰ 
120 PRINTE? IY» "TESTING ELT №"; 

130 ASVAL CTNKE Ys ТЕ A0 THEN 139 

140 ДЕ ASL QR ASS THEN 10 

150 PRINT,O723»(5 

160 IF As THEN tel ELSE IF £&-2 THEN E: ШЕ حسم‎ THEN E 
170 IF Ast THEN BG ELSE IF ах THEN E "ӨӨ THEN Begg 
LBA IF өк? THEN B44 ELSE ТЕ se THEN Бо 128 

190 OUT :نا8‎ A=VAL СТОКЕҮЧЭ ЛҒ Asp THEN 190 ELSE 140 

200 ' 

210 "HARDWARE TEST STUFF... 

220 CLS ERENT 

230 PRINT" FATS PROGRAM WILL TEST ALL 8 BITS ОР YOUR ۰۳۷ 
240 РКІМТ"РОКТ 0, FUT A LOGIC РКОБЕ ON FIN 11 OF THE ۱۰7“ 
250 PRINT"TO SEE IT'S ENABLE PURSE; NO LOGIC TRANSITIONS MEAN" 
260 PRINTYDU ARE МОТ DECODING THE FORT. WORK YOUR WAY BACK" 
270 PRINT"PAGT THE 741527 TO SEE TRANSITIONS ON 9,10 AND 11." 
280 PRINT"A DUAL TRACE SCOPE WILL TELI YOU ТЕ 9»10 & 11 GO" 
290 PRINT"LOW AT THE SAME TIME. WETHOUT à SCOPE» YOU MUST” 

300 PRINT" CHECK FINS 3«4»35 FOR NEUT AND THAT THE 7400 THAT" 
310 PRINT IG WIRED AS AN INVERTER 15 WORKING." 

320 PRINT 

330 PRINT"FUSHM KEYS 1 ТО 8 AND HOLD THE РКОРЕ ON THE ООТРЫТ" 
340 FRINT'PINS OF THE MCeGs2E ТО TEST РОК LATCHED DATA BITS." 
330 PRINT 

360 INCQUT"I'USHM CENTER TO BEGIN ТЕЗ Т. "ЗА RETURN 

370 ' 

380 ЕМО 


debugging, but a logic probe and ihese two quicky programs 
will point you to the right path. 

The 'Output Port O Tester' simply turns on bits at port 
zero. You pushanumber and the bit isclicked-on as long as you 
hold a key down The key you push is stored in variable A and 
displayed. Variable B is then figured by one of those 
if/then/else configurations as a ‘bil position’, It is sent to port 
0 inline 190. The program loops. 

Handy troubleshooting data is in lines 210 to 360. You 
dan‘treally need 10 type them in to make the program work. 

Tha ‘A/D Port Tester' is a {сор that sends an out to each 
port to start conversion, then reads it. The ports in the interface 
are 0 to 7. If you are nat using a TRS-80 computer, then the 
Print à statements may give you trouble on your display. If 
you use a serial |/O such asa Teletype, try reading one portat a 
time and waiting a few seconds before printing to save paper. 
Тһе goal here is not to see how fast you can read 8 ports, but to 
determine if they are working. 

You can ‘gimmick’ a pot inta the interface with clip leads 
to save running out іп the antenna and twisting the гөв! 
feedback pot. Pick a resistance of about 1K and tie the slider to 


an input. One end should be on 5VDC and the other on ground. 
Careful not to tia the pot to the unregulated supply! As you turn 
the pot. the input you picked should run from 0 to 255 decimal 
on the screen, 

As In the output port program, troubleshooting info in 
lines 320 to 450 should help you find any problems. 

FULL COMPUTER CONTROL WITH ‘AUTODISH’ 

The las! step in our quest for the ultimate is the software. 
It iş here that we are kind of open-ended. In fact the program 
listing here isn't finished (i.e. there is room to grow!): It can't 
be so long as you can think of something else you may want to 
do with your TYRO. The limits are dictated by the interface. 
With 8 on/off outputs and 8 A/D inputs, you can play for 
hours! 

Still we need a start, a base of operation from which we can 
write routines to scan the skys or assist our programmable YTR 
to recard programs on differant satellites while we are away. 
To ihat end we present the Autedish Controller Program, a 
place to begin your own software routines. 

Tha program is in two interlocking parts. A manual search 
rouline which you might recognize as a mix of the A/D and 
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0 , 
30 ' 
40 ' 


60” 
2” 
CLS ІМЕОЛТ“МаМмт HARDWARE: 
CL.Sf$PmRENTGZIS»"à/D5b FORT 
641-۱۲۳ 

PRINT C448 А; 0 ۶ SIPREINTG 42:6 » A 3 3 
۲۰۲۸۷1048680, غ۶ ز روم‎  РКЇМТЕЯЧӨН» AGIS 
QUT 0у02КЕМ STARTS CONVERS TON 


{221988 STEPHEN СТЕЗОМ 


DETAILS 


QUT 1,0 
FRIN FETE 
QUT 2,0 
РАТНТ 2, INP (223 
QUT 0 
PRINTQGTS37»INPC3)53 
QUT 4,0 
FRINTON INF (4) 5 
OUT 5,0 
РКЇМТОбЗ» SNF ) $ 
QUT 6»0 
FRINTGSG1s»INIF'5); 
QUT 7»0 

٣۲:٣ تا8)‎ $ y INIZ) $ 
! 
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260 
270 
280 
290 
300 
3180 
320 
330 
340 
350 
360 
370 
380 
390 
400 
31.0 
420 
430 
440 
450 
460 
470 
480 END 

Output test programs. You push a key and watch the antenna 
move an the AZ and EL readouts. It works tor testing new 
motors, finding satellites and writing new routines which 
might further linearize cheap pots зо you can operate wiih 
exact degree readouts. By the way this version of the program 
does not do that In as much as it is impossible to know if your 


pots act ihe same ав mine. Better you experiment while safe 
with the knowledge that this program will still work whether 


GOTO 130 $'LOOF BACK 


'HARWARE LNF + +o + 

CLS PRINT 

FRINT” THIS PROGRAM TESTS ТН 

PRINT” YOU HAVE WIRED TO ANPUT 
РКІМТ”ТНЕ SOFTWARE BENDS AN 
FRINT “START СОМУЕК ЖОМ» 
PRINT TS PRINTED, EACH Ар 
PRINT 

PRXNT"TO TROUBLESHOOT » 
ЕКІМТ“ҮНЕ A/D CHI YO ЗЕЕ AF 
PRINT "THEN CHECK FEN 
FRONT "LOCI ON PIN 
FICENT “РОЛХМТЬ: WILL. 

FRINT 


FIRST 


10. 
Vk. 


; 


А 
4 
^ 
” 


NAT LONAL. 
MOR TS 
ДЕЛЕ 
THEN AN 
TNFUT 


TRY A LOGIC POE. 
СОМУЕКЕТОМ 
9 FOR A READ SIGNAL. 
NE) LOGEC 
YOU. MORATE 


Ї1МРОТ"РБКЕ55 ‘ENTER! TO GEGIN THE TEST 
1 
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ПЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖ 
A/D PORT TESTER РКОСКАМ 


1 ЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖ 


YSN "ASIF гру THEN БООЛТ ZU 


PRINTERGA yd 225 


5% ҮРКЇМ1(0472 ASRS 
PRIN FRAPS ڑژ اکر‎ 634 


PRINTESA АЗ УЗ 


И 
* 
о 
+ 


۲۲۲۷.۸10138۰. TINE )0( КЕМ READS PORT 


рс» zb СЫТ" 

TO 7. TO MAKE ІТ WORK." 
TO THE SPECIFIC PORT TU" 
"END! REALS THE PORT AND ET" 
15 READ XM A SIME LUMI ۳ء‎ 


ü 


ӨМ [IM 6 ОЕ" 
15 02040 XNEÉULOTED." 
LOST» LOOK AT ТН“ 
TRANS DTN ғай Cuv ОҒ THESES" 
THE TROUBLE АКЕЛ.” 


FAS RETURN 


your test routine does or not. 

The Autosesk routine is realiy open because it is 
impossible to know what motors you may use or their speed. 
What we've done is to drop in some ponderously slow loops ta 
chug along aia safe pace. You can shorten them to suit. 

Two common algorithms are used to find а polnt іп the 
sky. Depending on speed and overshoot of the hardware, one 
method starts to seek in a direction and keeps going until the 
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momen: the feedback puts say you ve arrived. The whole 
aysien ‘hen cuts off and уси hope the inert a of motion isn't lao 
grest to keep the whole thing from moving right on pas: the 
point you were seeking. The simple way ty zea? the wrap is to 
shut-down the motors just before you hil the soot уси want. 
Your accuracy 1$ nal lou good because tne ‘slow down’ time 
may vary atd Пегепі 5015 and you could easily coast right 
past the bird as though It wasn: even there! 

A more handy approach to the problem i5 to move а Шуе 
ardshut-down. T hen wait fer the hardware to $:32 moving and 
lake a reading off the positior pats. Depending on the reading 
you eather 93 some more or qu.t. The method is not at аі! 
elegant and most programm ers Pate И for that reason. But if is 
simpe to implement, will wo"k in mos! situations, and 
reliabi ity is nol impaired by the hardware changing speed оғ 
ihe way it moves from day ta day. Tnis 15 the "Simple but 
Slup d' metFod weusehere. 


PROGRAM SECRETSREVEALED 

The program prints the header in Dine 70 and loads some 
arrays in line 120 with the satell.tes and {лег relative ров іст 
as krown to the pots. The way you get this in‘o is to use the 
manual seek roulines or the remole control box in conjunction 
with ihe cut-out pointing instruments to find each satellite 
visible al your 'ocation. The feedback pot readings are stored in 
data statements in lines 670 to 770. The formal is a string name 
of the satellits, ihe azimuth info, the elevation ofa. 

A fancier way to go would be to establ-sh the limits of the 
system эл cach plane and iet the program warry how to get 
there As we said, this 15 the "Simple but Stupid’ technique 
which will Ge! you there wilho.t irtis А branch decision is 
made in 160 to qo (а the manual seek rout ^e. Otherwise the 
program falls into the Autaserk routine. 

Manual seek in line 400 :s a loop where Ire keys 1 108 are 
read and displayed. The routine calls two Subroutines 16 read 
azimulh and elevatior -n lines 520 ап 530, The subroutines 
send ап out instructior ta start canversion and {псп the port is 
read. Azimuth is en port 0. Eelvatior is on port 1. The key 
vaiues are converted ta ‘bit positions’ and sent lo the output 
рог10 in lines 560 and 820. | he rouline then Ipops around from 
63010520 A break wil stop the loop. 

The Autoseek 'oLtine is more comolex. First а list of the 
available satellites is displayed, 10 are displayed in this listing. 
Тсіпсгеаве the amoun*, change the size of the for/nexi loop in 
line 200. If you have more than 15 satellites available, you will 
need tochange the DIM statement іп line 110. Thecurrent data 
statements are just examples and of course will not work for 
you. Yau mus! change the vaiues and perhaps the salellites if 
you live somewhere other than southern Califarnia Line 220 
will test for a “O° and branch hack ta the menu. Otherwise the 
program will drop down inte Ihe actual Autoseek routine. 

Autoseek is mostly a bunch of subroutines. Looking at the 
big picture, Ihe programsearches for the correct azimuth inline 
260, then the correct e'evatior. in line 270. prints an ‘on 
boresight message and final'y falls into а one line loop which 
updates the display by reading AZ and EL and printing *hem. 
A break will stop the routine, 

Getting deeper into the azimuth routine, the difference 
oetween the current dish position and tne salellite wanted топ’ 
the array å{l; is figured in line 820 and becomes variable DI. 
Depending on the difference in line B60, the rouline moves the 
dish casi or west. The firsi hit on part Q is azirnuth west. Ihe 
Second bil s azimuth east. 

If the diflarence between the current position ana the 
positior we seek is zerg, we must be there, 50 з tesi is made and 
the routine exitis in line 850. Two other conditions are tested іп 
lines 836 and 840. This may depend ол your Syslem. bul the 
thought of waiting 2 or 3 minutes for the dish to move from one 
end of the sky 12 the ether is 100 much for my patience. If Ihe 
d fference between the current dish position and the positian 
we seek is greater than 20 units, we leave “һе molor on lancer 
which wiil get us there much faster. The test is mace in line 840 
and is а flat T which эв set or reset. А tesi is made for the 
condition of this Нас dowr in the mator rouline a1 line 1050. 

The other condition tested is the direction the motor must 
turn. My Наваг actuators must move a few fractions of an inch 
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REAR VIEW of computer interlace box. Jones plugs loop 
ihrough the control lines to the remote conirol box in the TV 
room. The very small box to the right of the CRT display and 
belaw it contains a battery and a Sonalert which is activated 
when the Autodish program finds boresight. Control is irom 
the cassette port recorder control relay inside of TRS-80. 


upon reversal betore anything happens on the dish. A check af 
(Ге sigr of the difterence DI will signa! that the motor must 
unlaad the actuator. You may not reed this feature 

To compensate for the inertia of motion in the d:sh. the 
program waits while the dish coasts ta a stop in a subroutine 
1160 which 15 called afler every move. Depending on the 
motors аг actuators you use, this dish inertia wail timer may 
need tobe adjusted. Your best bet is to start stow, You can tnen 
10۴835 the speed as much as inertia permits, 

Ав you waich how really slow your whcle assembly 
responds, you may begin la see that basic as a harcware 
control lingo 18171 so bad alter all. Software speed is not а 
problem. As always it's the hardware! 

The elevation seek routine beginning in line 920 is 
essentially the same but for the fact the elevation array E (I is 
the source of tne info and Ibat we now concenlrate on bits 3 and 
4 ın lines 990 and 1010 to operate the elevation motors. The 
metor impulse tirr er in lines 1040 to 1140 is all that remains of 
іле arogram and is whally dependent on the motors уси use. 


STTS 


The duration is controlled by for/next loops in lines 1080 
and 1120. À flag indicator is printed on the screen in lines 
1080 and 1130. 

By the way. a beeper is included in line 300 to signal you 
audibly that the dish is on boresight. | find this is a very useful 
feature when I'm in another room. The line simply closes the 
casselte port control relay inside the TRS-80. Т.е a Sonalert 
1o the cassette recorder control plug with a battery and..in- 
stant beeper! Thisis a cheap add-on bells and whistles to the 
program. 


AREAS FOR EXPANSION 

While the autodish may be something for ihe real 
enthusiast and perhaps a goal for your station, il is really а 
stepping stone or getting-ofí point for your own software! 
hardware fantasies. The extra goodies in the interface leave 
you aclear path todo your own thing. 
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VOLTAGE SCALING FOR5V A/D 
Volts Input 


1K to1M (From 10V to 10КМ) 


1K Trim Pot Tocomputer 


Voltage IN 
Ri + H2 ARE 


Quiput = 


FIGURE 38 


The A/D chlp sees only voltages from 0-5 volts, but you 
can easily scale the input with a voltage divider. Knocking your 
brains out designing a precise divider from 1% resistors is а 
waste when you can save time and install a good multi-iurn pot 
with ashaft-lock to set your standard. 

А chaapy surplus trim-pot will fit almost anywhere and 
scaling the input numbers you get is as easy as simple division, 

Autoseak is something else you might consider. Imagine 
that you мапі Satcom 2. You choose it from the program menu. 
But now the compuler line tunes the antenna position for 
maximum signal. А lot of your success al this venture will 
depend on your remembering to pretune {Ив receiver to a 


THE INTERFACE BOARD is mountad on standoffs. The 
ribbon cable at righi goes 10 the TRS-80 pin buss. On the back 
wall is the power supply and the HO connectors that loop 
through 10 the remote control box at the TV receiver. 


known working transponder for the satellite you seek. Maybe 
your computer should do it? 

The paths to an algorithm for autaseesk might first start 
with the idea of swinging past lhe bird while recording the pot 
position feedback, then returning to the highest reading. This 
action wouid of course have to be performed on each plane and 
it would be wise to repeat it several times to fine tune the 
position. All past pot position data would have to be saved 
during this operation in the unlikely event the readings 
dropped so you could go back 10 your best guess. А time limit 
based on the amount of data inputted should be imposed in аз 
much as your antenna could spend endless hours trying to find 
Satcom 31! 


BEWARE THE WILD EDSEL! 

Perhaps the only thing you should really worry aboutis the 
chance you may, for a mament, think like Edsel Murhpy and do 
somelhing зігапде enough to send yourself on a wild goose 
chass. | hear Edsel ran oH іс open a hand grenade repair 
factory! Try to resist the temptation. Do the simple things first. 
Then move up to move involved projects. The end геви of 
computer control will add that extra touch of showmanship to 
your TVRO, not to mention that satisfying feeling of achieving 
the ultimate, 


10 "жжжжжжжжжжекжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж 


15 ' 
20" 


25 ' 


AUTODISH CONTROLLER PROGRAM 


30 “жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж 


40 ' 
50: 


50 CMD'T'i'STILL THE HEARTEEAT 


(021979 STEPHEN СТЕЗОМ 


NEXT 


70 GOSUE 350 $’ PRINT HEADER 

80 КОКЕ 16553»255:' FIX КОМ 

90 ' 

100 'LOAD VISIBLE SATELLITE ARRAYS 

110 DIM N$C15) 5 А2195) sE CLS) 

120 FOR I = 17010 $ READ М%СТОУАСТОЭЕ CI) $ 
130 ° 

140 FRINT "WANT. +++ 
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STTS J GIBSON MANUAL 


1 = MANUAL. SATELLXTE 

2 = AUTO SATELLITE SERRE 

150 AS-INKEYdTiEXF 6d$s"" THEN 150 

160 ТЕ А%х“і" THEN 400 :' DO MANUAL SEEK ELSE ۵ء‎ 

170 ' 

180 ‘жжжжжжж ALTO SEEK ROUTINE жжжжжжж 

190 | 

200 CLS:PFRINT"CURRENT SATELLITES IN MEMORY 

"SFOR IL = 41010 ІРКІМІ LINED ACOE? NEXT 

210 - 77× 

WHICH CENTER ‘0° ТО EXIT"? 1 

220 52 T=0 THEN GOSUE 350: GOTO 140 HEADER AND RESTART 

230 

240 CLG SPRINT CHAE C23) "AUTO SEEKING "ЭМБОТ 

250 РКТМТ РКТМТО PRINT "AZIMUTH" s "ELEVATION" TERI РЕІМТ $ ۶۳۷7۳۲" 

260 GOSUE 7901", FIND AZIMUTH 

270 GOSUE 920:' FIND ELEVATION 

280 PRINTG704»"ON БОКЕСТОНТ( 11" 

290 ' 

300 FOR J = 110100: 00125512 3 NEXT : OUT 25598 ی١‎ BEEPER? 

310 GOSUE 11902008508 1220 3 РКТМТӨЗӨ4»буЕ СОТО О UPDATE READINGS 
4 


330 “жжжжжж PROGRAM HEADER ROUTINE жжжжжж 


350 CLS:PRINT CHREC23)" - 
AUTOD TSH 


360 PRINT DISH ANTENNA CONTROL PROGRAM” 7 
370 PRINTSTRING# СЗО p "x" ) 
380 FRINT? RETURN 


400 , жжжжжжж MANUAL SEEK ROUTINE жжжжжжж 
410 ' 
420 CLS:PRINT СНКФС2ЭЭ 1РЕТМТ" MANUAL. бэт Л ТЕ SEARCH" 
430 PEINT PRINTS TRANG S$ ОЗІ», "Xx") 
440 FRINT* AZIMUTH" r "ELEVATION" 
450 РКІМТІРКІМТ РЕТМТ 
460 РКІМТ "РОЗМ KEYS TO MOVE 8۰ 
470 FRINT = AZIMUTH WEST 
2 s AZIMUTH EAST" 
480 FRINT'3 = ELEVATION DN 
4 = ELEVATION Ur" 
490 PRINTS = ROTATION IN 
6 = ROTATION QUI" 
$00 FRINT"FUNCTION с>"; 
+ 


520 GOSUE 1190: READ AZ 

830 GOSUE 1220: READ EL. 

540 PRINT@396sArE#3' DISFLAY 

550 PRINTER; KE 3 К-РЕЕКС143829:1Р Ke. THEN QUT 0902' READ KEYS 
560 IF К>64 THEN QUT 0»01 Кей 3 201 0 

370 IF К = 64 THEN GUT 0,32 وگ( ات٤ فت+ا؛‎ ۶٘۴ TURN ОМ ELIT 5 

980 ТЕ К = 32 THEN OUT 0916 иесш a: TURN ОМ ВЕТ 4 

590 IF К = 14 THEN QUT 0,8 Ка со. THEN ОМ FIT 3 
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600 ТЕК = 8 ҮНЕМ GUT 0,4 21181 
610 IF K = 4 THEN QUT 052 
S20 TR K = 2 THEN CUT пу] 
520 СОТО О 

690 ' 

буы) “жжжжжжжж SEUSOUT INET жжжжжжжж 

660 ' 

670 ° EXAMPLE SATELLITE BATA YOU MUST ENTER 
580 DATA “СОМбТАН Sy 11161 

SFO DATA "ЕТА усу 

200 DATA "COMSTAR 2" gli 18 

“10 DATA "НЕСТАЕ "299153 

жоп BATA "АМК "تا‎ ул 196 

730 DATA "ANIK ب۷٦‎ уо» lee 

740 DATA "БоТСОМ 28 7% eae 

250 DATA "WESTAR 2" shige Н]. 

760 DATA "СОМЕТА 189960199 

770 DATA "ЗАТСОМ 1"vlliz17543 

уар ' 

ر 
Jl:‏ 800 
¢ کے کو 364 MATIN‏ 810 
Ха (13-02 EEND (КЕРЕМЕМСЕ‏ 820 

830 NF = SENIL) $' 211 A MOTOR UNLOAD FLAG 

840 IF ABS CD? 2020 ТЫҒЫ ізі ELSE Ts0f"'FLAG LONGER MOTOR ҚЫМ TIME 
BHO ТЕ ABST 7.41 THEN. RETURNS ' DONE. 

860 ДЕ DE 0 THEN 890 

870 PRINTED 4y" MONENG WEST" OUT 0»15300514 1040:011: ts U 

880 GOSUE 11605 ата FO 

6920 PFRIEINTOZO044»"MÜV (СМ E051" OUT 02305254 210401011:0.0 

$00 GOSUE 11602 СИТО УП 

$10 ' 

ӘЖ 'ЗЕЕК КЫТААТ ЗЫМ 

wa СОЗ 11590 24040161 128044 READ AZ & Et. 

$94 ACN ТОЗУ 3 

950 DICE CT ei КІМ DEL FERENCE 

PAO ДЕ АЗОТ. 5 10 THEN Ге) ES Teli PELAG LONGER MOTOR. ҚЫМ TIME 
970 YF ASC < ا‎ THEN RETURNS" DONE! 

эн) £P PL < 0 THEN ішін i'GO WF 

OY РЕТЬЫТӘ204» "МОМ DOWN" Е SOUT se 42 GOSUB LOGS OWT 0» 

1000 CASE 1160: COTO эти 

1010 PRINTEZ ОЯ > "МООС "ОТО BI اہو و چوا وی وو‎ FERIT Û «U 

1020 БОСЫН 11601: сии zn 

1030 ' 

1040 "МОТО ТАГЫ تا‎ T. LME 

1050 16 1-4 THEN LIENE’ LONG КОМ 

19:50 ДЕ МЕ СН FREN 112002" OTHER DIRECT TON. 50 UNLOAD MOTOR 

1070 ' 

1030 FOR J a 1 ТЕРІП іс SHORT BURET LOF 

110190) ГЕО 1(2/:10 у "ж"; $‘ SHORT BURSY ENDECAYOR 

1100 NEXT $ PRINTEZ] y" "$$ Pt TURN 

itlü ' 

МО FOR ТОО $: RONG BURSE ۳ 

1130 РЕМ "жж"; i' LANG BURSY XNDOXELCOTOKR 


TURN ОМ ШОТ 2 
TURN ОМ EXT 1 
ТОҚЫ ON EXT 7 


1:60TOO5 


ісер: (READ (АЛ & EL 
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1140 NEXT $ 
11950 ' 

1160 ‘DISH MÜTION INERTIA WALT TIMER 
1170 FOR J = 1 ТО 800 ЗМЕХТ: RETURN 
1180 ' 
1190 
1200 
12190 
1220 
1230 
1440 


1430 


FPRYNTGZ20»" "s 2 ОҒаМЕ 3 


"RED. ۹2708011 
Огоо а= МСО RETURN 


‘READ ELEVATION 
QUT ОС СМЕС 2 $ RETURN 
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Appendix 
ШЕЛ И ИЕЫ ГҮ a ЕЕ. TET MEL. 


аТ5е43 EY COM Tar 3 


WES TAR 3 91, WESTAR 1. 


ANTK AL ANLIK ди 


ANT E 


“CTS 


SATCOM 2 COME TAK 1 


SATOOM 3? 133 


۵۱۰4 140 6۲۶٢۸۳۷۵۲ 10 


ІНТЕ Зат ту F4 11 EKNTELSAT IM FG 


STATS CONAR 7 


een eh Tee 


FAI EKRAN 2 


EKRAN 1 РАН. APR 1 


zl 


БТОТОХОМӨК 1 МӨКТБбӨТ 3 


n 
020 


IANTELSAT IVA FF EY? ENFELBAT 19 Fé 


INTELSAT XU ЕЕ ӘҮМРНОМФЕ J 


STATSTONAR 9 315 LATEST IV ЕЯ 


SYMFHONXE 2 SERE 


МАКТбӨТ 1 1 ХАТЕ GAT TVA F1 


STATS TUNA 8 s XRMTELGAT IV Ез 


RETURN 


гн ЫЕ 


УЛ 


99 


106.5 


116 


128 


RESET FLAG 


Ws aw ng Л, 


GOE Se 1. 
COMES TAK 2 
SMSL 
ANIK AB 
HESTAN 2 
затсом 1 
ATE 
МӨКТЗбӨТ 2 
нее 
STATSXO0NAGR T 
ТАТА 6 
FALAPA 2 
ТАТЕМ GSAT XV Fi 
TTAPS LOMA 5 
INTELSAT LY DP 
STATS oak 4 
ТАРЕ БАТ TMA F4 


ANILA IVA p 


20:3 


298.6 


302 


i4 


19.5 


29.5 


5115 
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(The Big Dipper) 
(UASA Major) 
(The Great Bear) 


CT hel Mile 2 026071 
(UASA Minor: 
il nel nte Beart 


1Cassi222 al 
i-ady in thechairi 


Find Polaris Using This Northern Sky Star Map 
(Rotate тар so thal appropriate season is 
furthest to you). 

FIGURE 39 
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OBTAINING YOUR CUSTOM ANTENNA POINTING CHART 
Each purchaser of ‘The Gibson Satellite Navigator 
Manual’ is entitled to order, at a greatly reduced cosl, one 
customized antenna poitning chart. This chart will show you 
the full geostationary orbit belt from your exact location 
listing antenna elevation and azimuth required for you to ‘hit’ 
the satellite рей. 
To obtain this charl, follow these steps: 
T)iProvide your geographic coordinates to the nearesl 
minute (i.e. degrees and minutes) for both latitude and 


longitude. That spots where you are for the computer 
pragram. р 
2)If in US or possessions, send $2.00 US funds plus a large ! 
13 x 10 inch envelope addressed to yourself with 28 
cents US postage attached. If outside of US/possessions 
simply increase charge lo $4 (US funds only). 
3)Май to: Satellite Navigation, c/o Stephen Gibson, P. О. 
Box 38386, Hollywood, CA 90038. 
Please allow three weeks from date of mailing in US/ 
possessions for delivery; 4 weeks outside of US. 


ا ےت 
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